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PREFACE 

 

First of all, I would like to say that I am honored and pleased with the fact that the 'Full Paper' of 'The 3rd International 

Rip Current Symposium' has been published as the special issue of Journal of Coastal Research, which is a prestigious 

publishing company world widely in the field of Coastal Research. Also, I would like to thank everyone who has 

contributed to our success, and also those who helped in submitting the 'Full Paper'. 

 

   'The 3rd International Rip Current Symposium', which is best known with the images of huge rip currents as shown in 

the cover, was held in Haeundae beach in Korea. Here, along with the scholars and specialists who had great interest in 

life-saving and identifying the cause of rip currents occurrence, we had an opportunity to look around the sites where rip 

currents occurred frequently. It definitely was a great experience as we were able to get diversity of practical advices in 

forecasting, and rescuing technology. 

 

   Furthermore, I would like to thank 'Korea Institute of Ocean Science and Technology', 'Korea Meteorological 

Administration', 'The Society of Coastal Zone Management', and 'Lifesaving Society Korea' etc. through this preface, for 

helping me both physically and spiritually. I sincerely wish your institution a tremendous success in everything you do. 

 

   In this special issue, we have categorized our research into five topics as follows. Field Observation Study of Rip 

Currents, Rip Forecasting and Response, Beach Safety Management, Beach Disaster Management, and Coastal 

Environment of Haeundae Beach. 

 

After numerous academic reviews by Prof. Stephen P. Leatherman, Prof. John Fletemeyer, Prof. Sung Bum Yoon, 

Prof. Won Chul Cho and Dr. Jooyong Lee, we were able to develop our paper into JCR level. I appreciate all those 

authors who have contributed and co-operated in this whole process. 

 

   Lastly, thanks to all those founding members of 'The 3rd International Rip Current Symposium' for their infinite interest 

and participation. I look forward to the ongoing success of this symposium series. 

  

Thank you. 

 

 

 

November 2014 

Sungkyunkwan University, Republic of Korea 

Prof. Jung Lyul Lee 
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PREFACE 

 

The host of ‘The 3rd International Rip Current Symposium’ is Lifesaving Society Korea in cooperation with the 

Korean Coast Guard and other governmental authorities, including many Korean academic institutions. The organizers 

of this highly successful conference are Mr. DaeYoung Kang, Chief Technical Officer, Lifesaving Society Korea and Dr. 

Jooyong Lee, Research Professor, Sungkyunkwan University. This meeting also was ‘The 1st Asian Water Safety 

Conference.’   

 

Haeundae Beach in Busan was an excellent place to hold the symposium with the conference hotel overlooking this 

beautiful and very popular beach. Busan is South Korea’s second largest metropolitan areas, after the capitol city of 

Seoul. Haeundae Beach is patrolled by a first-class team of lifeguards that utilize boats for rescues when necessary. 

Nearshore wave data are received at the Coast Guard and Lifesaving Station on the beach, which is used to predict rip 

currents on a real-time basis. The conference attendees were able to visit the Rip Current Forecasting Center and learn 

more about this advanced system promoting beach safety. 

 

More than 100 papers were presented both orally in nine sessions and through the poster sessions during the three day 

symposium. Sessions included physical rip current science, safety for beach tourism, human behavioral science and 

public education strategies, beach hazard management, water safety, and multi-disciplinary research. While most of the 

presenters were from academic institutions in South Korea and China, there were quite a few researchers and 

practitioners from Australia and the United States. The overall quality of the papers presented was very high.   

 

The food provided for lunch, dinners and banquets throughout the conference was excellent; our South Korean hosts 

really did a remarkable job in planning and conducting this international meeting. I would especially like to thank Peter 

(DaeYoung) Kang for his kindness and personal assistance that made everything so enjoyable at this symposium and the 

post-meeting field trips. South Korea is a wonderful place to visit—I felt safe everywhere that I traveled, including 

downtown Seoul, and these hard working people are indeed great friends of Americans.   

 

 

 

 

 

 

November 2014 

Florida International University, USA 

Prof. Stephen P. Leatherman 



 

Journal of Coastal Research, Special Issue No. 72, 2014 

Journal of Coastal Research SI 72 1-5 Coconut Creek, Florida Winter 2014 

____________________ 
DOI:  10.2112/SI72-001.1  received (10 September 2014); accepted in 
revision (27 October 2014). 
*Corresponding author: jooyong@gmail.com 
©Coastal Education and Research Foundation, Inc. 2014 

Vertical Structure of Rip Current Observed at Haeundae Beach 
 
Inchul Kim†, Jung Lyul Lee‡, Jin Sang Hwang‡, Sahong Lee∞, and Jooyong Lee§* 

 
 
 
 
 
 
 
 
 
 

ABSTRACT 
 
Kim, I.; Lee, J.L.; Hwang, J.S.; Lee, S., and Lee, J., 2014. Vertical structure of rip current observed at Haeundae 
Beach. In: Lee, J.L.; Leatherman, Stephen P., and Lee, J. (eds.), Proceedings, 3rd International Rip Current 
Symposium (Busan, Republic of Korea). Journal of Coastal Research, Special Issue, No. 72, pp. 1–5. Coconut Creek 
(Florida), ISSN 0749-0208. 
 
On 4 and 7 August, 2012, more than 200–300 people were swept away by the fast moving seaward current at 
Haeundae Beach, which is located on the southeastern corner of the Korean Peninsula, and they then had to be 
rescued Beach patrons were carried away 50 to 100 meters away from the shore by rip currents, to an area where 
swimming is restricted due to safety reasons. Rip currents are narrow currents that begin close to the shoreline and 
strongly flow seaward through the surf zone and beyond. Although rip currents can cause tragic accidents and are of 
considerable interest to scientists and to the general public, our current understanding of the spatial and temporal 
behavior of rip currents is limited. As a result, the Korean Meteorological Administration installed monitoring 
equipment that can assess weather conditions and issue rip current warnings on Haeundae beach starting from 2010. 
Rip current kinematics and beach morphodynamics were measured for 50 days at Haeunadae beach using several 
instruments, including velocity and pressure sensors, such as an Aquadopp profiler for shallow water, and the 
morphology consisted of a low-tide terrace with incised quasi-periodic rip channels, which are representative of 
transverse bars. The spatial distribution of the sediment is reflected in the background rip current flow field with 
mean velocity magnitudes within the rip channel that increase offshore both with a decrease in the tidal elevations 
and with an increase in the sea-swell energy. The vertical velocity profile on the bar indicated that the flow was 
predominantly shoreward. The Aquadopp profiler is a high-resolution current profiler that operates at sub-cm scales 
and collects data at up to 8 Hz. The instrument is generally used in boundary layer studies at the bottom 1–2 meters 
of the ocean and in low energy environments. In addition, the HR profiler excels at providing flow details that are not 
attainable with any other instrument. In this study, the data from the Aquadopp profiles was used to investigate the 
detailed vertical structure of dangerous rip currents at Haeundae beach, and we were able to quantitatively 
understand the mechanism of a rip current. 
 
ADDITIONAL INDEX WORDS: Rip current, Haeundae Beach, field survey, vertical structure, Aquadopp profiler. 
 

 
INTRODUCTION 

Rip currents are narrow currents that begin close to the 
shoreline and strongly flow seaward through the surf zone and 
beyond. Although rip currents are of considerable interest, both 
to scientists and to the general public, our current understanding 
of their spatial and temporal behavior is limited. Unfortunately, 
a lack of suitable field data has precluded the morphodynamic 
study of natural rip current systems. 

Rip currents occur when waves approach the beach in parallel 
lines or when strong winds push water onshore. As the water 
rushes directly up the beach, the undertow then directly returns 
it back down the beach slope. However, the undertow is unable 
to return all of the water before the next wave pushes it back up  

 
the beach, and the accumulation of water cannot continue 
indefinitely, so, the excess water will flow up or down the beach 
until it approaches an imperfection. At this point, the excess 
water flows back to the sea in a narrow, concentrated rip current 
(Kim, Lee, and Lee, 2013). 

Haeundae Beach is in Busan, a city located in the southeast 
region of South Korea. Rip currents at Haeundae can carry 
beach patrons as far as 100 meters seawards away from the 
shore, where swimming is restricted due to safety reasons. Coast 
guards usually rescue victims with boats and jet skis, and on 
seven occasions in 2012, 310 people had to be rescued when rip 
currents occurred. 

Between July and August of 2012, rescue workers covering 
Busan’s beaches were on the highest alert for rip currents, and 
about 187 people needed to be rescued at Haeundae Beach in 
July and August of that year [The previous paragraph says it was 
310 people in 2012]. The victims were dragged into deeper 

†Division of Architecture and 
Civil Engineering 

Dongseo University 
Busan, Republic of Korea 

§Construction and Environmental  
Research Center 

Sungkyunkwan University 
Suwon, Republic of Korea 

‡School of Civil and Architecture Engineering 
Sungkyunkwan University 
Suwon, Republic of Korea 

∞Interdisciplinary Program in  
Crisis, Disaster and Risk Management 

Sungkyunkwan University 
Suwon, Republic of Korea 

 

www.cerf-jcr.org 

www.JCRonline.org 



2 Kim et al. 
_________________________________________________________________________________________________ 
 

Journal of Coastal Research, Special Issue No. 72, 2014 

waters by the currents, which can be as fast as 2.5 meters per 
second. Fortunately, no casualties were reported, but authorities 
stated that the ideal weather conditions for rip currents would 
persist, and they could occur again at any time. 
 

 
Figure 1. Rip current generation at Haeundae Beach (4 August 2012). 

 
 

Around noon on 31 July of that summer, a rip current 
occurred at Haeundae and dragged ten swimmers as far as 50 
meters away from the shore, and the swimmers were 
immediately pulled out of the water by rescue personnel. On 30 
July, another reverse current swept away twenty beachgoers, 
taking them as far as 30 meters away from the beach. The first 
strong rip current of the year had occurred in Haeundae on 29 
July, and of the twenty six people affected, one was hospitalized 
for excessive salt water intake. Rescuers are paying particular 
attention to the currents in front of the Paradise Hotel since this 
is the location where rip currents frequently occur. In July and 
August of 2012, rip currents occurred 62 times, and victims 
were swept away by fast-moving seaward currents and had to be 
rescued. Figure 1 shows the rip currents that occurred on 4 
August, 2012. 
 
Site Description 

This study investigated rip currents that occur in the sea at 
Haeundae Beach. The beach is located in Busan, which is a city 
on the southeastern coast of the Korean peninsula. Since Busan 
has a large population, the beach always has many visitors 
throughout the year. During summer vacation in particular, over 
one million people visit the beach on peak days. 

 

 
Figure 2. Study area: Haeundae Beach in Busan, South Korea.

 

However, the beach is extremely small with a length of only 2 
km, as shown in Figure 2. Due to the very high number of 
visitors, many accommodation buildings have been erected 
behind the beach. The buildings hinder the wind in the seaward 
direction, mainly at night, and this hindrance can decrease the 
incident wave height, and this decrease is a result of the 
exposure to a higher wave height that had caused beach erosion. 
The average width of the beach is of about 50 m. Since the 
beach is small and has a high density of visitors, rip currents 
demand a higher level of attention from authorities. Moreover, it 
has several oversized sunken rocks located at a short distance 
from the beach, resulting in a very uneven morphology (Kim, 
Kim, and Lee, 2011). The very uneven sea floor facilitates the 
distribution of wave breaking, and this uneven water depth is a 
result of the wave current due to the hydraulic gradient of the 
change in the mean water level that would be directed seaward 
by an almost identical current nearby (Lee and Lee, 2011). 

 

 

 

 
Figure 3. (1) the curvature radius of the beach shoreline, (2) the depth of 
the Haeundae, (3) wave crest distribution at Haeundae in the summer 
season.
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Haeundae Beach has an average seafloor inclination of 1/15 to 
1/30 and a wave-dominated pocket shape with a softer 
inclination along the eastern side. The tidal characteristics 
observed by the Busan Harbor tidal observation station indicate 
that Haeundae Beach has an average sea level of 64.9 cm, a 
spring tidal range of 123.8 cm, and a neap tidal range of 86.0 cm, 
as shown in Table 1. In addition, the representative wave 
directions are southeast (SE), south (S) and southwest (SW), 
with mean waves reaching a significant wave height of 0.68 to 
1.0 m and a wave period of 5.7 to 6.0 sec. The main wave 
direction in the summer of 2012 was of about 210 degrees. 
 
Table 1. Non-harmonic constant data from the Busan Harbor tidal 
observation station (35˚06´N.129˚02´E) near the research area. 
 

Mean highest water interval (M.H.W.I) 129.8 cm 

Observed highest high water (Obs.H.H.W) 42.2 cm 

Mean sea level (M.S.L) 64.9 cm 

Observed lowest low water (Obs.L.L.W) -41.0 cm 

Spring range 42.2 cm 

Neap range 42.2 cm 

 
METHODS 

The Korean Meteorological Administration installed 
monitoring equipment at Haeundae Beach in order to assess 
weather conditions and to issue rip current warnings. Rip current 
kinematics and beach morphodynamics were measured for a 
period of 50 days through the use of several instruments, 
including an Aquadopp Profiler, Closed Circuit Television 
(CCTV), and a Network Real Time Kinematic device (NRTK-
GPS). 
 
Field Intensive Survey 

NRTK-GPS accurately calculates coordinates measured by 
applying state estimation filters. The performance evaluation of 
the application showed that the device could provide high-
precision real-time positioning within several centimeters of 
error range at a frequency of 20 Hz. 

 

 
Figure 4. Observation devices (Aquadopp Profiler and NRTK-GPS) and 
location of  the CCTV.

 

The Aquadopp Profiler is commonly used in the field with 
600 Hz devices, so he minimum acceptable depth of 3 m in 
Haeundae Beach where bathing damage customer point of rip 
currents are 1 ~ 1.5 m depth point and the distance to be less. 
Thus, the 2012 summer rip currents were observed to be within 
1.7 m of water depth, which means that the flow rate and 
direction could be measured with the fabric of the Aquadopp 
Profiler. 
 
Survey Method 

Field measurements were performed at Haeundae Beach in 
the summer of 2012. The data was collected and the generation 
mechanism was clarified. The data was used to identify the 
causes of the mechanism of the rip current and to provide 
preventative measures to protect human life (Kim, Lee, and Lee, 
2013). 

 

 

 
Figure 5. (1) the occurrence of a rip current in Haeundae Beach (4 
August 2012), (2) depth data observed at the point of the rip channel in 
Haeundae Beach (4 August 2012). 

 
 

Haeundae Beach is part of a shoal severance, which is caused 
by rip currents with a frequency that changes from time to time. 
Incident waves from open sea through the shoal are generated, 
and the area is typically part of another shoal, depending on the 
distribution of digging a break and the number of rip currents 
that are formed. In this case, we supposed that a rip current 
occurred in the rip channel. Therefore, we used the NRTK-GPS 
to find the rip channel. From the NRTK-GPS data, we obtained 
the point of the rip channel, and then we installed the Aquadopp 
Profiler. Since the Aquadopp Profiler can measure the vertical 
structure at only one point, the strength of these rip currents and 
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the water level observed at the time of occurrence for the 
observations of the mastic floor carried out flow The shoal was 
disconnected from the rip currents in order to accurately 
determine the position of the cloth in the Aquadopp Profiler and 
to determine the location of the installation challenges. Figure 5 
shows the depth data from 4 August, 2012 that was observed at 
the point of the rip channel. 

 

 
Figure 6. Diagram of the observations from the Aquadopp Profiler. 

 
 
Analysis of Observed Data 

Figure 6 shows an observation diagram obtained through the 
Aquadopp Profiler. We obtained the location of the rip channel 
by using the NRTK-GPS, and we then observed the vertical 
structure of the rip current with the Aquadopp Profiler. The 
observation location is divided into three parts, points A, B and 
C. Point A is located at a height of 1.6 m from the bottom of the 
sea, point B is at 1.0 m, and point C is at 0.3 m. The time-series 
data of the flow velocity (m/s) and the current direction (degree) 
comprised the flow components of each point, A, B, and C. The 
data from 4 August was analyzed, and the results are shown in 
Figure 7. 
 

CONCLUSIONS 
Observations of strong rip currents in the surf zone in 

Haeundae Beach were made on 4 August, 2012. We verified that 
the rip currents were generated in the rip channel, which has a 
high probability of producing rip tides. Figure 7 shows the 
measurements of a vertical structure as a time-series data. The 
undertow was unable to return all the water before the next wave 
pushed it back up the beach, and the undertow then returned it 
all directly back down the beach slope. The main direction of the 
wave in the summer of 2012 summer is at about 210 degrees. 
Figure 7 shows the flow of the undertow. The direction of the 
undertow current (Point C) showed a tendency toward 217.93 
degrees. At the same time, the current direction of the surface 
layer (Point A) showed a tendency toward 215.50 degrees. This 
means that the direction of the undertow current and the surface 
layer current had similar tendencies to each other, even when 
there were no rip currents. In contrast, the current direction of 
the middle layer (Point B) showed a tendency to be scattered. In 
other words, the rip current flow occurred close with the surface 
in vertical structure. 

When the rip currents were generated, the flow velocity 
measurements at points A, B, and C were 1.70 m/s, 1.34 m/s and 
1.22 m/s each. This means that the flow velocity at the surface 
layer is the fastest in vertical structure. Therefore, the rip 

currents are dangerous for beachgoers, and even more so, for 
beachgoers that are in the tube. 

The results also showed that the velocity of the undertow flow 
was faster with the rip current than without a rip current. These 
observations assist in improving beach safety. 
 

 

 

 

 
Figure 7. The Aquadopp Profiler captured time-series data from three 
points in Haeundae Beach.  (1) point A, 1.6 m, (2) point B, 1.0 m, (3) 
point C, 0.3 m, (4) point C without the rip current, 0.3 m.
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ABSTRACT 
 
Kim, K.H. and Shim, K.T., 2014. A field investigation of waves and wave-induced currents at the Youngrang Coast 
of the Republic of Korea. In: Lee, J.L.; Leatherman, Stephen P., and Lee, J. (eds.),  Proceedings, 3rd International 
Rip Current Symposium (Busan, Republic of Korea). Journal of Coastal Research, Special Issue, No. 72, pp. 6–10. 
Coconut Creek (Florida), ISSN 0749-0208. 
 
An accurate identification of the root cause of beach erosion should be taken in the precedence over designing 
reliable countermeasures. This study reviews the characteristics of the wave-induced currents by using the 
observation results on wave and current. The observed patterns were taken from comprehensive observation results 
which studied characteristics of wave and wave induced current as well as suspended load and bed load. The 
observations were conducted at the Youngrang Coast in the east coast of Korea. Based on the field observation 
results, Youngrang Coast has intermittently shown the occurrence of high waves due to winter monsoons. Affected 
by the high waves, the wave-induced currents have shown to exist inside the wave-breaking zone with a current 
velocity of 0.5-1 m/s. Such strong wave-induced currents are considered to be acting the main source of winter 
longshore sediment transport and beach erosion. 

 
ADDITIONAL INDEX WORDS: Field investigation, continuous current velocity observation, wave induced 
current velocity, cause of beach erosion. 
 

 
INTRODUCTION 

Coastal disasters caused by beach erosion have brought much 
attention not only in terms of disaster prevention, but also recent 
perspectives of destructing natural environment and tourism 
resources. Moreover, the contention of protecting white beach, 
like mudflats, is arising for its unique role in maintaining marine 
ecosystem and purifying sea water. Even though the developed 
countries have been discussing and devising beach erosion 
solutions for several decades, the emphasis of solving beach 
erosion itself has recently shifted from a stand-alone 
countermeasure to a more comprehensive one (Kwon et al., 
1988). 

 However, an accurate identification of the root cause of 
beach erosion must take precedence over designing more 
reliable counter measures. Two of the fundamental research 
methods for identifying beach erosion causes are numerical and 
hydraulic model experiments. Due to the skepticism over the 
hydraulic model experiment for its limitations in the similarity 
law of drift sands, the numerical simulation is more readily 
being used recently. Since the numerical simulation is heavily 
dependent on the basic parameters given by the slide rule, a field 
observation data is crucial for setting the parameters. Therefore, 
in order to derive more reliable and valid results, securing and 
analyzing various types of field observation data are essential 
(Kim, Shin, and Widayati, 2013). 

 
This study reviews the characteristics of the wave-induced 

currents by using the observation results on wave and current.  
The observed patterns were taken from a comprehensive 
observation results which study wave and flow pattern as well as 
suspended load and bed load. The observations were conducted 
at the Youngrang coast in the east coast of Korea. The 
development and construction of the Youngrang coast dates 
back to 1998 with the Jangsa port in the nothern end. The beach 
erosion triggered by this Jangsa port construction, beach erosion 
was started at the Youngrang coast around 1999. After the field 
observation, some of headlands were constructed as a beach 
erosion countermeasure. 

 
FIELD INVESTIGATION 

Determination of the energy density of ocean surface waves 
as a function of both frequency and direction is of practical 
importance (Panicker, 1974). So, the weather and sea 
observation were conducted under the winter monsoon condition. 
Observations were made over the Youngrang Coast in the east 
coast of South Korea for 40 days from mid-January to the end of 
February. Figure 1 shows the locations of observation points and 
field observation facilities for the oceanographic research in 
2001. The wave observation was conducted by installing a total 
of four Wave Hunters at water depths of 7 m, 10 m, 13 m and 23 
m. The current velocity was observed simultaneously at the 
Wave Hunters. Furthermore, an Acoustic Doppler Current 
Profiler (ADCP) was installed at a water depth of 10 m along 
with the four Wave Hunters in order to record the vertical 
distribution of current velocity. The Wave Hunters used for the 
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observation consist of digital velocity meters which enable them 
to make wave measurements via horizontal two-way current 
velocity measurement, water pressure and/or supersonic waves. 
In this observation, a consecutive measurement was conducted 
at every 0.5 second. The ADCP conducted a consecutive 
measurement of the vertical distribution of the average flow 
with 5 minute intervals. 

 

 
Figure 1. Location and of measuring points at Youngrang Coast (2001).

 
 

A REVIEW OF WAVE FIELD 
Through a flow transformation procedure shown in Figure 2, 

the pressure data retrieved from a pressure-type wave measure 
was converted into a water level data. In Figure 2, p(t) 

represents a time series of water pressure fluctuation data while  
p(ω ) , η(ω )  represent water pressure fluctuation data and 
water level fluctuation data of respective frequencies.  Moreover, 
η(t) indicates a time series of water level fluctuation data and 
  (ω ) indicates an auto-correlation function based on angular 

frequency (Kim, Kim, and Pyun, 2000).  
 

 

 
Figure 2. Flow chart of transformation procedure. 

 

 
Figure 3. Time series of H1/3, T1/3 and wave direction, PC-1 (top) and PC-2 (bottom). 
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Figure 4. Time series of H1/3, T1/3 and wave direction, PC-3 (top) and time series of H1/3 and Hmax, PC-2 (bottom).

 
 

To derive wave data from a time series of water level 
fluctuation data, the study used a zero-up crossing method.  
Wave direction, wave height (H1/3) and wave period (T1/3) 
organized by the wave data from each observation point is 
shown in Figure 3 and Figure 4. 

Compared to the data collected by PC-1 situated at a water 
level 23 m, the overall wave directions of PC-2 and PC-3 are 
similar. But the E to ENE and NE shifts in wave direction are 

demonstrated with water level decrease. The wave height (H1/3) 
measured at 23 m water level and the wave height. 

(H1/3) measured at 13 m and 7 m water levels do not show 
any significant difference. But some increases in wave heights 
were observed with water level decrease. A decrease in wave 
period was verified as the depth of the water decreases. 
However, over the observation span of 40 days, high waves 
occurred every seven days with significant waves of 2.0-2.5 m. 

 

 

 
Figure 5. Appearance of H1/3 and T1/3. 

 

 

 

 
Figure 6. Appearance of H1/3 and wave direction. 
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Figure 4 (bottom) shows the time series of H1/3 and Hmax at 
PC-2. A maximum wave height of 5 m was measured on 25 
February. Figure 5 represents the emergence rate of significant 
wave height and significant wave period. In addition, Figure 6 
demonstrates the emergence rate of wave direction and 
significant wave height. 

It shows the high emergence rate of the E and ENE wave 
directions. The tendency shown in Figure 6 becomes more 
noticeable as the wave height increases, leading to a high wave 
concentration. 
 

A REVIEW OF WAVE AND WAVE INDUCED 
CURRENT 

Of the flows that exist in the study area, the wave-induced 
currents in the wave-breaking zone are the primary external 
forces that cause flow pattern changes. As previously described, 
longshore current velocity was simultaneously measured by the 
four Wave Hunters with an additional installation of ADCP at 
10 m water depth for consecutive current velocity 
measurements. 

In addition to the current velocity measurements, 10 
observation buoys of wave-induced currents were put for buoy 
tracking on 8 February when high waves occurred. The current 
velocity observation points and buoy observation points are 
indicated in Figure 7 and Figure 8 indicates flow patterns of 
wave-induced currents from the buoy tracking. According to the 
observation results, most of the buoys moved from the south to 
the north. Buoys at point F and H demonstrate the flow patterns 
toward the offshore. Quantitative observation results from the 
current velocity measurements are shown in Figure 9~10 and 
the current velocity increases as it proceeds under shallow water. 

In particular, the current velocity collected at PC-3, water 
depth 7 m within the wave-breaking zone, shows significant 

effects of the wave-induced currents with high waves. Current 
velocities of PC-3 were recorded as 0.5-1 sec/m  on the days of 
relatively high wave heights. Also, a current velocity of 3

sec/m  recorded on 24 February indicates strong wave-induced 

currents occurred at PC-3. Furthermore, the ADCP installed at 
water depth 10 m provides the vertical distribution of current 
velocity of the relevant location. Figure 11 represents the 
current velocity of each flow direction. Identical to the buoy 
tracking result, the main direction of the flow was discovered to 
be ESE-SSE. 

 

 
Figure 7. Observation points of    Figure 8. Flow patterns of wave of 
current velocity.                                induced currents. 

 

 

 
Figure 9. Time series of current velocity PC-1 (top) and PC-2 (bottom). 
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Figure 10. Time series of current velocity PC-3. 

 
 

 

 
Figure 11. Appearance of current velocity and direction. 

 
 

CONCLUSIONS 
This study reviewed the observation results of the waves and 

wave-induced currents through a comprehensive investigation 
of waves, flows, suspended loads and bed loads at the 
Youngrang Coast. 

As a result, the Youngrang Coast was intermittently affected 
by high waves due to the winter monsoons. Due to the high 
waves, wave-induced currents were triggered inside of the 
wave-breaking zone with a current velocity of 0.5-1 sec/m .  

Such strong wave-induced currents acted as the main source 
of winter longshore sediment transport and beach erosion. 
Additional wave and wind observations will be made at deeper 
water levels of approximately 80-100 m in order to review and 

analyze the wave-induced currents and their moving 
characteristics. 
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ABSTRACT 
 
Shin, C.H.; Noh, H.K.; Yoon, S.B., and Choi, J., 2014. Understanding of rip current generation mechanism at 
Haeundae Beach of Korea: Honeycomb waves. In: Lee, J.L.; Leatherman, Stephen P., and Lee, J. (eds.), Proceedings, 
3rd International Rip Current Symposium (Busan, Republic of Korea). Journal of Coastal Research, Special Issue, No. 
72, pp. 11–15. Coconut Creek (Florida), ISSN 0749-0208. 
 
Many studies have proposed the generation mechanism of rip currents observed at Haeundae beach. Most of them 
suspect the rip channels as a rip current generating mechanism at this beach. This study focuses on the understanding 
of rip current generation mechanism in a different point of view based on the CCTV images and the numerical 
simulations. The CCTV images captured when the rip currents occurred show that the rip currents are accompanied 
by the waves of honeycomb pattern. The rip currents are developed along the nodal lines of honeycomb waves. To 
confirm the new mechanism of rip current generation at Haeundae Beach a series of numerical experiments are 
conducted using a phase resolving numerical model based on the nonlinear Boussinesq equations. The numerical 
results with the simplified beach topography and the incident honeycomb waves similar to real ones show that the rip 
currents can be generated without the rip channels. The rip currents generated by the honeycomb waves can grow 
much faster and the intensity of the rip currents is much stronger than those generated by the unidirectional waves 
over the rip channels. The magnitude of rip currents agrees reasonably well with that observed using CCTV image 
analyses. The role of rip channels developed by the rip currents is also discussed.  
 
ADDITIONAL INDEX WORDS: Rip currents, Haeundae Beach,  CCTV image, numerical simulation, honeycomb 
waves. 
 

 
INTRODUCTION 

Haeundae Beach is one of the most popular and well known 
beach in South Korea. Unfortunately, rip currents have 
frequently occurred every year, and dozens of swimmers were 
rescued. Thus, the understanding of the generation mechanism 
of rip currents in this beach is important to establish a warning 
system to prevent drowning accidents. 

The mechanism of rip current was first introduced by Shepard 
(1936). Since then there have been many attempts to study rip 
current dynamics using observational and theoretical tools. 
Based on the knowledge accumulated by previous studies the 
various generation mechanisms of rip currents observed at 
Haeundae Beach have been proposed by scientists and engineers. 
Most of them have suspected the rip channels as a primary cause 
for the generation of rip currents at this beach. Even though all 
the rip channels of this beach are filled with sand before summer 
season each year, rip currents occur repeatedly every summer. 
Thus, rip channel may not be a primary reason for rip generation. 
Some others have proposed as a possible mechanism the 
alongshore non-uniform wave energy caused by the waves  

 
incident obliquely on the beach.  

According to the observation, waves are incident nearly 
normal to the beach. Thus, periodic rip currents due to 
meandering of longshore currents may not be the case. Even 
though many studies proposed the possible mechanism of rip 
current generation in the beach, it has not yet been fully 
understood. Thus, this study focuses on the understanding of the 
mechanism of rip current generation at Haeundae Beach of 
Korea based on the CCTV image and numerical simulation of 
rip currents. 

The CCTV image shown in Figure 1 presents the rip current 
generation process at Haeundae Beach. After a train of waves of 
honeycomb pattern are incident and break on the beach, rip 
currents occur along the nodal line of honeycomb pattern waves. 
Figure 2 shows the rectified CCTV image of the rip current 
occurred on 10 August 2012 at Haeundae Beach. In this image 
the wave crest lines show clearly a honeycomb pattern formed 
by the superposition of the two wave trains incident normal to 
the beach with slightly different angles. Along the nodal line of 
the waves of honeycomb pattern the people on an air tube can be 
found to be drifted seaward. Park (2013) estimated the velocity 
of the rip currents occurred on 10 August 2012 as 1.2 m/s at the 
rip neck by measuring the moving speed of the drifted people 
along the trajectory of rip current in the sequential images. This 
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image shows that the rip currents were generated when the 
waves of honeycomb pattern are incident. This rip current 
generation mechanism, first introduced by Dalrymple (1975), 
differs from the conventional mechanism for the rip currents 
driven by normal incident waves on a beach with a sand bar 
broken by a rip channel. Dalrymple et al. (2011) demonstrated 
using a phase resolving numerical model that rip currents can be 
generated by the incidence of honeycomb pattern waves on a 
plain beach where no sand bar with rip channel system is present.  

As shown in Figure 3, Yoon et al. (2012) proposed that the 
refraction of waves propagating over the central shoal in the 
offshore can make the waves of honeycomb pattern at Haeundae 
beach. Figure 4 presents the numerical simulation results which 
show how the incident unidirectional waves can be transformed 
by the central shoal to give honeycomb waves at the beach. 

 

 
Figure 1. Rip currents observed on 17 June 2012 at Haeundae beach.

 
 

 
Figure 2. Schematic sketch of a rip current generated at Haeundae Beach 
on 10 August 2012, 15:31:50~15:32:50 along the nodal line of 
honeycomb-pattern waves (Park, 2013).

 

Bae, Yoon, and Choi (2013) demonstrated using the extended 
Boussinesq model, FUNWAVE, that the formation of 
honeycomb waves near the beach area is a dominant mechanism 
of rip current occurred at Haeundae Beach. 

This study investigates the combined effects of the incident 
waves of honeycomb pattern and the rip channel on the 
characteristics of the rip currents using the numerical models 
based on the extended Boussinesq equations. 

 

 

 
Figure 3. Formation of honeycomb waves and generation of rip currents 
at Haeundae Beach.

 
 

 

 
Figure 4. Refraction of unidirectional waves over the shoals to form 
honeycomb waves at Haeundae Beach. 

 
 

NUMERICAL EXPERIMENTS 
Since the waves of honeycomb pattern is generated by the 

superposition of two wave trains with equal amplitude, but 
slightly different angle of incidence, the phase interaction 
between two wave trains should be taken into account. The 
conventional wave models based on the energy transport 
equation with radiation stress terms cannot be applied to this 
case. Thus, the numerical simulations were performed using a 
fully nonlinear Boussinesq model, FUNWAVE (Chen et al., 
1999; Chen et al., 2000; Chen et al., 2003; Johnson and 
Pattiaratchi, 2006; Wei et al., 1995), which can simulate 
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rotational rip currents induced by honeycomb pattern incident 
waves. 

To investigate the effect of bathymetry on the generation and 
strength of rip currents three types of beach topography are 
chosen. The first type is a plain beach without a sand bar. The 
beach slope is set to reflect the real topography of the Haeundae 
Beach. The second type is a plain beach with a sand bar parallel 
to the coastline. The third type is a  same beach as the second 
type, but the sand bar has a 75 m wide gap in the middle of the 
sand bar.  

The computational domain and the bathymetry for the plain 
beach with a sand bar is presented in Figure 5. The equal grid 
size of 1.5 m is employed in x- and y-directions. The internal 
wave-maker is set at x = 45 m and the 37.5 m wide sponge 
absorption boundary is set behind the wave-generation line. 

 

 
Figure 5. Computational domain and bathymetry with a sand bar over a 
plain beach. 

 
 

The time step was set to 0.05 s. The length of the 
computational domain is 450 m, while the width of the domain 
Ly is adjusted to fit the twice of the distance between two 
adjacent nodes of the incident waves of honeycomb pattern. The 
incident waves of honeycomb pattern are generated internally by 
sending two monochromatic wave trains of wave height H=0.6 

m, wave period T=9.5 s, with a specified angle ±θ where θ 

represents the angle of incidence measured from the x-axis. The 
maximum wave height of incident wave is 1.2 m at the antinode 
of the hexagonal waves, i.e., honeycomb pattern waves, while it 
banishes at the node. A periodic boundary condition is applied 
for two side boundaries. The velocities of the rip current at a 

given point are evaluated by averaging the instantaneous particle 
velocities for two wave periods. 

For the case of a plain beach the rip currents are simulated 
with  various angles of incidence, θ = 4 º, 8 º and 12 º, and the 
maximum magnitudes of mean velocity are measured at the 
neck of rip current where the velocity component normal to the 
coastline is maximum. Figure 6 shows the velocity vectors of 
the rip currents and the free surface of the waves for the case of 
θ = 4 º at t=600 s. As shown in the figure the rip currents are 
generated along the nodal lines of the waves of honeycomb 
pattern, even though there is no sand bar with a gap. 

Figure 7 presents the time history of the maximum velocity of 
the rip currents. The strength of rip currents becomes stronger as 
the time elapses. The rip currents reach their maximum strength 
of 0.8 m/s to 1.2 m/s at 500 s to 600 s after the start of wave 
generation, and the strength of rip currents approaches the 
asymptotic value of 0.85 m/s. The effect of the angle of 
incidence on the strength of rip current is clearly shown in the 
figure. As the angle of incidence increases, the rip currents glow 
faster, but the asymptotic strengths are not sensitive to the angle 
of incidence. 
 

 

 
           (a)                                           (b)  

Figure 6. Distributions of (a) velocity vectors of rip currents, (b) free 
surface of honeycomb waves at t=600 s for a plain beach. 

 
 

 
Figure 7.  Time history of maximum rip current velocity for a plain 
beach. 

 
 

Figure 8 shows the evolution of rip currents at various time 
stages. From this figure it is found that the rip currents begin to 
meander after the rip currents continue their maximum strength 
for a while. This meandering motion of rip currents is well 
known for the jet issuing to the shallow water body. The jet 
meandering starts earlier as the angle of incidence increases. 
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Figure 8. Evolution of rip currents on a plain beach at various time 
stages, upper panel: t=10 and 20 min. for θ = 4 º, and lower panel: t=5, 
10, 15, 20 min. for θ = 8 º. 

 
 

For the case of a beach with a sand bar the rip currents gain 
their maximum strength in the range of 1.5 m/s to 1.6 m/s near 
t=300 s to 400 s, and the asymptotic velocity reaches 1.2 m/s as 
shown in Figure 9.  
 

 
Figure 9. Time history of maximum rip current velocity for a plain beach 
with sand bar. 

 
 

The rip currents grow much faster and stronger than those for 
the case of a plain beach. The mechanism for the intensification 
of rip currents due to sand bar can be analyzed as in the 
followings: The wave breaking is accelerated due to the shallow 
depth over the sand bar, and, thus, the mean free surface set-up 
in the surf zone behind the antinode of incident waves increases. 
As a result the increased alongshore gradient of mean free 
surface induces much stronger longshore currents towards the 
node of incident honeycomb waves. Two strong longshore 
currents flowing in opposite direction meet at the node of 
honeycomb waves, and feed the rip currents. Thus, the rip 
currents can be stronger when the sand bar is present.  

Since the generation mechanism of rip currents involves a 
strong wave breaking and mean flows, the violent sediment 
transport is inherent in the beach. As the rip currents become 
stronger, the sediment is removed and carried offshore to form a 

rip channel. Thus, the third type of the topography is selected. 
The numerical simulations are conducted for the case of a plain 
beach with a sand bar which is disconnected by a gap in the 
middle. To investigate the effect of rip channel development due 
to rip currents a morphology model should be combined to the 
hydrodynamic model, and the interaction between two processes 
should be taken into account. However, in the present study the 
simulations are conducted with only a hydrodynamic model on a 
fixed bed.   

Figure 10 shows the time history of the maximum velocity of 
the rip currents for the case of a sand bar with a gap. This figure 
shows that the rip currents develop stronger than the other cases 
of topography due to the presence of the gap in the sand bar 
which mimics the rip channel. The rip currents generated by the 
normal incidence of unidirectional waves, i.e., one of the most 
common rip current generation mechanism, are also simulated 
by setting θ = 0 º, and the results are compared with those 
obtained for the case of honeycomb waves. From the figure it is 
found that the honeycomb waves give stronger rip currents than 
the unidirectional waves incident on the sand bar with a gap.  
 

 
Figure 10. Time history of maximum rip current velocity for a sand 
barred beach with a gap. 

 
 

 
Figure 11. Comparison of maximum rip current velocities generated by 
three types of topography (for the case of θ = 8 º). 

 
 

Figure 11 presents the comparison of rip current velocities 
generated by the honeycomb waves incident on three types of 
topography for the case of θ = 8 º. The rip currents develop 
slowly on the plain beach. It takes 10 minutes to reach the 
maximum velocity of 1.1 m/s. If the sand bar is added to the 
plain beach, the rip current generation is accelerated due to the 
increase of wave breaking over the sand bar. As a result the rip 
currents are much stronger than the case of a plain beach. 
Moreover, the generation process is much faster. The 50% 
stronger rip currents are developed in a half time period when 
the sand bar is present. The sand bar can be washed out during 
the development of rip currents. If the effect of gap or rip 
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channel development is considered, the rip currents become 
further intensified. The velocity of the rip currents observed at 
the Haeundae Beach is in the range of 1.0 m/s to 1.5 m/s for the 
0.6 m high incident waves (Park, 2013). Thus, the numerical 
simulations presented in this study give a reasonable agreement 
with the field measurements. On the other hand, the 
unidirectional waves of H=0.6 m incident normally to the beach 
with a gapped sand bar will give much weaker rip currents than 
those marked as θ = 0 º in Figure 10, because the wave height 
will not be doubled if there is no central shoal in the offshore.  

Based on the observations using the CCTV image and the 
results of numerical simulations the rip current generation 
mechanism at the Haeundae Beach can be summarized as in the 
followings: The rip currents at the Haeundae Beach can be 
generated by two different mechanisms. The first mechanism is 
the incidence of honeycomb waves to the beach with a sand bar. 
The honeycomb waves are generated by the swell-like 
unidirectional waves propagating over the shoals located in the 
central part of the outer beach. Once the rip currents are 
generated, the rip channel develops due to sediment transport 
and the sand bar is disconnected. As a result the rip currents are 
intensified further. The disconnected sand bar or rip channel can 
serve as a rip current generator to the uniform waves incident 
normally on the beach in the next time.  This usual one is the 
second generation mechanism. Since all the rip channels in the 
Haeundae Beach are artificially filled with sand before the 
summer vacation season, only the first mechanism of rip current 
generation occurs in the early stage of summer season. 
Moreover, the CCTV image shows that the honeycomb pattern 
waves appear for almost of the cases of rip current events. 

 
CONCLUSIONS 

Based on the CCTV images and the numerical simulations the 
rip current generation mechanism at Haeundae beach is 
understood. When the honeycomb waves induced by the 
refraction of swell-like unidirectional waves over the shoals 
located in the central part of the outer beach are incent, the rip 
currents are well developed along the nodal lines of honeycomb 
waves. The rip currents generated by the honeycomb waves are 
much stronger than those generated by the unidirectional waves 
over the rip channels. The magnitude of rip currents agrees 
reasonably well with the observed one using CCTV image 
analyses. The role of rip channels developed by the rip currents 
intensifies the rip currents further. Thus, for the accurate 
simulation of the rip currents a comprehensive model combining 
hydrodynamic and morphological numerical models is 
recommended. 
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ABSTRACT 
 
Yoon, S.B.; Park, W.K., and Choi, J., 2014. Observation of rip current velocity at an accidental event by using video 
image analysis. In: Lee, J.L.; Leatherman, Stephen P., and Lee, J. (eds.), Proceedings, 3rd International Rip Current 
Symposium (Busan, Republic of Korea). Journal of Coastal Research, Special Issue, No. 72, pp. 16–21. Coconut 
Creek (Florida), ISSN 0749-0208. 
 
In order to investigate the magnitude of rip currents of an accident event, in which dozens of people were rescued by 
coast guards at Haeundae beach, the floating velocities of swimming tubes of people caught by the rip current were 
estimated by using an analysis of video camera images. The analysis was conducted by tracking the locations of the 
floating tubes in the video images, converting the image coordinate system into the conventional map coordinate 
system, and evaluating their Lagrangian velocities. The rip current was strongly developed southwardly from the 
shore at the center of the beach and its maximum velocity was about 1.12 m/s when observing waves with Hs=0.9 m, 

Ts=8.2 sec, and θp =S4°E. The observation results was used for a verification of the numerical simulation performed 

using the nonlinear Boussinesq model FUNWAVE which can resolve wave-phase interactions and simulate rapid 
wave-induced currents with generation, evolution, and dissipation of vortex pairs. The observation and the 
computation reasonably agreed with each other. 
 
ADDITIONAL INDEX WORDS: Rip current, observation, video image, numerical simulation, Haeundae Beach. 
 

 
INTRODUCTION 

Haeundae Beach is one of the most beautiful and popular 
beaches in South Korea, and unfortunately this beach has been 
covered by media outlets frequently because of rip currents. 
Hundreds of people rescued from rip currents have been 
reported every recent summer in the beach. The administration 
(i.e., Korean Oceanography and Hydrography Administration) 
responsible for producing rip-current information has 
constructed a real-time rip current warning system based on the 
results of numerical simulations of rip currents at the Haeundae 
coast (Bae, Yoon, and Choi, 2013). However, the numerical 
results have not been verified quantitatively by using any 
observation. It is difficult to measure the velocity of a sudden rip 
current since it does not have a fixed generation location and 
time in most cases. For the verification of the numerical 
simulation which is the basis of the warning system, the rip 
current was observed by using the rectification of the video 
image recording a rip current event in which dozens of 
swimming tubes flow out to the sea. The result could be one of 
the significant sources to verify the numerical simulations of rip 
current at the Haeundae coast.  

 

 
This study focuses on one of the rip current events captured 

on 10 August 2012 by a Closed Circuit Television Video 
(CCTV) at Paradise hotel in Haeundae Beach. The analysis was 
performed by tracking the locations of the floating tubes in the 
video images of the CCTV, and converting the image coordinate 
system into the conventional map coordinate system by using 
the affine transform. The orthogonal image correction for 
transformation of the two coordinate systems was conducted 
based on the triangulated irregular network (TIN) with Ground 
Control Point (GCP) surveys on Haeundae beach and coast 
using Global Positioning System (GPS). 

One of the significant purposes of observation of rip current 
velocity at an accident event is to verify the numerical modelling 
of the rip current at Haeundae beach. Bae, Yoon, and Choi 
(2013) presented a numerical simulation of a rip current event at 
the Haeundae coast on the 12 June. Their work needed a 
verification based on observations of rip current. Since this 
study found the rip current velocity at the event of 10 August 
2012, the observation and the simulations were compared with 
each other. The numerical simulation of the rip current event 
was newly performed based on the Boussinesq modelling. 

 
OBSERVATIONS 

Since Haeundae rip currents have the temporal and spatial 
uncertainty and a half-million people visit Haeundae beach 
every day during the beach season, it is hard to do a direct 
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measurement of the dangerous rip current of the Haeundae coast. 
Therefore, the image rectification conducted by the coordinate 
transform was employed to obtain the rip current velocity of a 
rip current accident. The GIS (Geographic Information System) 
Image rectification was conducted by converting video images 
to the rectified images in a conventional map coordinate system 
based on GCP surveys. 

The video images containing the rip current event at the 10 
August 2012 were chosen for the analysis. The images include 
dozens of people with swimming tubes flowing out to the 
seawards and have less distortion for the camera angle to the 
event site. In addition, the observations of the wave buoy exist 
during the event. Figure 1 shows snapshots of the video images 
of the rip current event from the cameras located at the rooftop 
of Hotel Paradise (left) and Gloria Condo (right). The video 
images from Hotel Paradise were chosen to be analyzed because 
it has a better angle to transform the image coordinates to the 
map coordinates. The figure presents that the people with 
swimming tubes flows out to the seawards because of the rip 
current. As mentioned earlier, the velocity of seaward-moving 
tubes was assumed to be the flow velocity of rip currents. At 
first, the ground control points were selected and their GPS 
surveys were conducted through the beach area and the coastal 
area two months after the event. To avoid biased estimates of the 
transform, the control point surveys should be conducted with 
sufficiently well-distributed GCP over the whole image area. 

 

  
Figure 1. Snapshots of the video images taken from the rooftop of Gloria 
Condo (left) and Hotel Paradise (right) at 15:32 of the 10 August 2012.

 
 
For the beach area, the GPS surveys were conducted by a 

surveyor carrying a RTK (Real Time Kinematic)-GPS receiver. 
For the coastal area, the GPS surveys were conducted by using 
the RTK-GPS installed at the prow of boat in a relatively calm 
condition. Figure 2 shows the results of the GPS surveys 
including 83 GCP in the beach area and 79 GCP in the coastal 
area. As shown in the figure, the control points are not sufficient 
in the nearshore area since it is hard for a surveyor or a boat to 
access the area. This figure also presents the isolines obtained 
from the surveyed control points presented in a snapshot of the 
video images. Even though there are some regions with distorted 
isolines caused by insufficient control points, most of the error 
regions are near the boundary of the image and out of the 
interest area. The little distorted isolines found in the center area 
could be caused by the errors due to the elevations of the GPS 
receiver moving according to the tidal elevation and the boat 
motion over waves. However, the isolines of the nearshore area 
are sufficiently straight and seem to be reasonable in the interest 
area. 

The map coordinates of the moving tube's trajectories were 
obtained based on the relation between the map coordinates and 

image coordinates and the geometric correction using Triangled 
Irregular Network (TIN) of the 162 ground control points. The 
relation between the image coordinates (i, j) and the map 
coordinates (x, y) can defined by the affine transformation as the 
followings. 

 

  
Figure 2. The surveyed control points on the coastal area and the beach 
with their isolines of the map coordinates (solid lines: x-coordinate, 
broken lines : y-coordinate).

 
 

 
Figure 3. The triangles of TIN generated based on the surveyed control 
points shown in the snapshot of the rip current event.
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where a1, b1, c1, a2, b2, c2 are the affine parameters which can be 
determined by using the sets of map and image coordinates of 
TIN. For the affine transformation, the RMS (Root Mean Square) 
errors were checked, and another set of control points was 
rearranged if the RMS error is relatively high. Figure 3 shows 
TIN of the control points in a snapshots of the video images, and 
Table 1 presents the affine parameters of No. 38, 55, 69 of TIN 
around the rip current event area. 
 

 

 
Figure 4. Tracking paths (left) and velocity vector plot (right) using the 
tracking paths of the floating tubes from 15:31:50 to 15:32:50 and a 
snapshot of orthogonal rectified images at the 10 August 2012.
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In the video images of the rip current event at the 10 August 
22 moving tubes shown were chosen. For each moving tube, the 
snapshots were chosen at such time intervals to distinguish its 
location. Then, the map coordinate of each of the chosen moving 
tube was obtained by the affine transform from the image 
coordinate in the snapshots. The left panel of Figure 4 shows the 
trajectories of tubes moved due to the rip currents during a 
minute on a snapshot of orthogonally rectified video images. 
The trajectories were obtained by connecting the locations of 
tubes in each of the chosen snapshots. During the one minute 
from 15:32 at the event day, the rip current velocities were 
estimated by using the time intervals of the floating tubes and 
the distance of trajectories at each of the time intervals as 
presented in the snapshot of orthogonally rectified video images. 
In the right panel of Figure 4, the velocity vectors of the tubes 
were presented by using 5 sec averaging velocities during the 
one minute. As a result, it was found that the rip current was 
strongly developed southwardly from the shore. The maximum 
rip current velocity is about 1.12 m/s and its averaged velocity is 
0.7 m/s. 

The time series of the wave height, wave period, tidal 
elevation and wave direction during the event day, the 10 
August 2013 were presented in Figure 5. The observation during 
the rip current event from 15:30 to 15:40 was represented by 8.5 
s significant period, 0.9 m significant wave height, 1.0 m tidal 
elevation and S4°E peak wave direction. The 8.5 s significant 
period is relatively longer than conventional wind waves and is 
in the range of the swell which could be generated by a typhoon 
Utor across the Philippine Sea a few days before the rip current 
event. In addition, prior to the rip current event, the wave height 
was tended to increase, the tide began to ebb, and the wave 
direction was close to the perpendicular to the shoreline. 
However, the observations at the rip current event do not show a 
distinguishable change from the others during the day. This 
indicates that it is difficult to predict rip currents. 
 

 
Figure 5. Time series of the significant wave period, significant wave 
height, tidal elevation, and the peak wave direction at the 10 August 
2012. 

 
 

NUMERICAL SIMULATIONS 
To simulate wave-induced nearshore circulations in this study, 

FUNWAVE (Chen et al. 1999; Chen et al., 2000; Chen et al., 
2003; Johnson and Pattiaratchi, 2006; Wei et al., 1995), a 
nonlinear Boussinesq model was employed since it has been 
used for investigation of rip current in many previous studies 

and is one of the most advanced models for simulating rip 
currents. This model is capable of simulating rapid rip currents 
under random waves with wave-phase interactions. 

Its unknowns are free displacement and horizontal velocity 
vectors at a water depth. Lately, Chen et al. (2003) modified the 
original governing equation for irrotational flow into the 
equation taking into account rotational flow by inserting an 
approximated vorticity terms to its momentum equation. The 
random waves can be generated by using internal wave-maker 
based on time series obtained from superposition of linear waves 
with random phase lags according to the target wave spectrum. 
The FUNWAVE model has been validated in many previous 
studies mentioned above, and thus the detailed description is 
referred to the previous studies (Chen et al., 1999; Chen et al., 
2000; Chen et al., 2003; Johnson and Pattiaratchi, 2006; Wei et 
al., 1995). 
 

 
Figure 6. Topography of Haeundae beach for numerical simulation, the 
location of wave buoy (○) operated by Korea Hydrographic and 
Oceanographic Administration, (unit: m, grid: the latitudinal and 
longitudinal lines). 

 
 

Even though the detailed description of the model setup is 
shown in Bae, Yoon, and Choi (2013), we summarize the model 
and its setup for the simulation. Figure 6 shows the topography 
of the Haeundae coast for the numerical simulation. The x-y 
coordinates of the topography were transformed from the 
latitude-longitude coordinates, and was rotated 4 degrees in the 
clockwise direction around an arbitrary origin to utilize periodic 
boundary condition. The spatial grids Δx=1.2 m and Δy=1.8 m, 
and their total numbers are 1551 in the x-direction, and 1678 in 
the y-direction. The internal wave-maker was set at X=150 m 
and 140 m-wide sponge absorption boundaries were set behind 
the wave-generation line. The circle marked in the figure 
indicates the location of buoy of Korea Hydrographic and 
Oceanographic Administration (KHOA) installed for observing 
the incoming waves. For the random wave generation using the 

Table 1. Affine parameters for TIN 38, 55, 69. 
 

Prameter TIN 38 TIN 55 TIN 69 
a1 -0.107368 -0.169884 -0.126126 
b1 -0.234570 -0.160656 -0.238685 
c1 215206.968750 215229.859375 215233.937500 
a2 0.033890 -0.010443 0.064446 
b2 -0.353115 -0.212872 -0.346412 
c2 184934.312500 184883.421875 184890.390625 
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internal wave-maker, each energy density spectrum was 
decomposed into 2,400 wave components and they were linearly 
superposed with random phase-lags. The computational time 
step is 0.05 sec. The friction factor was set to be 0.0015 and the 
other physical and empirical coefficients were set to be equal to 
the default values in the model manual. 

 

  
Figure 7. Frequency and directional spectra established based on the 
observed frequency spectrum and the Mitsuyasu's directional spectrum 
with the observed peak wave direction for numerical simulations 
(Hs=0.9 m, Tp=8.2 sec, Direction=S4°E) at the 10 August 2012. 

 
 

  
Figure 8. Plane distribution of (a) free surface elevation and, (b) wave 
height (unit: m) of the numerical simulations for the rip current event 
(circles: watchtower (WT) with numbers). The broken line in the panel 
(a) indicates the wave breaking area. 

 
 
The numerical simulation employed the observed spectrum 

which was obtained by using the buoy data from 15:00 to 16:00 
on the 10 August. It has an 8.5 sec peak period, 0.9 m significant 
wave height, and S4°E peak direction. The spectrum was in the 
range of swell spectrum which has the distribution of energy 
density concentrating into a narrow frequency bin. Figure 7 
shows the observed frequency spectrum and the model 
directional spectrum of Mitsuyasu et al. (1975). As Bae, Yoon, 
and Choi (2013) mentioned, the observed directional spectrum 
evaluated by using the three-orthogonal displacements of the 
buoy often do not produce a reliable distribution, even though its 
peak wave direction is known to be a quite reasonable. 
Therefore, the directional distribution of the spectrum was 

constructed based on the square of cosine function (Mitsuyasu et 
al., 1975) with the peak wave direction and the directional 
spreading parameter σө=10. Note that the peak direction of the 
spectrum is 0 degree because of the rotation of the 
computational domain. 

The numerical simulation of nearshore circulations of the 
Haeundae coast was performed using the topography shown in 
Figure 6 and the incident random waves with the spectrum 
shown in Figure 7. The numerical results presenting the free 
surface elevation and the wave height distribution are shown in 
Figure 8. In the figures, the circle symbols indicate the 
watchtowers of coast guards on the beach which are numbered 
from 1 (i.e., WT01) to 10 (i.e., WT10). Wachtower 1 is located 
near Hotel Chosun Beach and watchtower 10 is located near 
Mipho fish port. 

The rip current event at the 10 August occurred around 
X=1650 m and Y=1350 m which is the area between 
watchtower 7 and 8. The snapshot of the free surface elevation 
presented in the panel (a) is the result at the time after 200-wave 
period from the wave generation, and the bright light side 
indicates wave crest and the dark shade side indicates wave 
trough. The distribution of wave height in the panel (b) of Figure 
8 was obtained by using the 30-period long free surface 
elevation after the 200-wave period, and it was evaluated by the 
definition of zeroth-moment wave height. From the free surface 
elevation, it was found that the narrow-banded spectral waves 
were significantly transformed by refraction due to the 
topographical characteristics of the Haeundae coast such as the 
submerged shoals as shown in Figure 6. Also, from the 
distribution of wave height, it was found that the alongshore 
variation of wave height was caused by focusing and defocusing 
of waves due to wave refraction over the topography, and the 
low wave-height area of an alongshore-varied distribution could 
play a role in a rip channel without respect to a topographical rip 
channel. In addition, the broken lines presented in the panel (a) 
indicate the wave-breaking regions which were estimated by 
using the computed energy dissipation rate due to wave-
breaking. The alongshore variation of the wave-breaking lines is 
also an implication for the alongshore non-uniformities which is 
a necessary condition for rip currents. 
 

  
Figure 9. Plane distribution of vector plots of computed nearshore 
current at (a) t=5 min, (b) t=10 min, (c) t=15 min of the numerical 
simulations for the rip current event. 
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Figure 9 shows the vector plots presenting that several rip 
currents evolve and flow out to the seawards. In the figure, the 
strongly developed longshore current was not shown along the 
beach. This might be because of the wave direction 
perpendicular to the shoreline and the relatively weak waves. 
The rip currents might be generated through the relatively low 
wave-height region which was caused by directional wave group 
behavior and wave refraction over the topographical 
characteristics of the coast. The velocity vectors of Figure 9 are 
the 2-wave-period averages of numerical results after 5, 10, and 
15 minutes passed from the wave generation, respectively. The 
numerical result presents that one of the rip currents was 
generated at the similar area to the region of the observed rip 
current event occurred around watchtower 7 and 8. They are 
clearly found in the magnifications of the numerical results 
presented in Figures 10 and 11. 

 

  
Figure 10. Magnifications of distribution of (a) free surface elevation, (b) 
wave height (unit: m) of the numerical simulations for the rip current 
event (circles: watchtower with numbers).

 
 

From the magnifications presented in Figures 10 and 11 for 
the purpose of focusing the rip current event, it was found that 
the locations of rip current were almost fixed with the constant 
wave input condition. They confirmed that the rip current 
occurred at the relatively low wave height region which was not 
related to a topographical rip channel.  

 

 
Figure 11. Magnifications of vector plots of computed nearshore current 
at (a) t=5 min, (b) t=10 min, (c) t=15 min of the numerical simulations 
for the rip current event. 

 
 

The rip current velocity near watchtower 9 is stronger than 
that of the rip current which were observed at near watchtower 7 
and 8 by using the video camera. However, the stronger rip 

current was not observed in the video cameras, since there were 
swimmers with floating tubes near watchtower 9. The real wave 
field at the event might be different from the virtual wave field 
computed based on the representative spectrum obtained by 
using 34 min-long and one point observation. To predict wave 
field is one of the most significant factors to predict the rip 
current since the alongshore variation of wave height is known 
to generate the Haeundae rip current. 

 
CONCLUSIONS 

The purpose of this study is to observe the rip current velocity 
at an accident event and to verify the numerical results, which 
give a database to a rip current warning system of KHOA, by 
using the observed velocity. The velocity of rip current was 
obtained from the video images recording the rip current event 
at 15:31 of the 10 August and the numerical simulation has been 
performed by using the wave and tide observations for its 
boundary conditions. Then, the observation and the computation 
of the rip current event were compared with each other as shown 
in Figure 12. Note that the observed velocity is the Lagrangian 
velocity of the floating tube on the water surface and the 
computed velocity is 2 wave-period average of the Eulerian 
velocity of a fixed point at an arbitrary water depth. 

 

 
 Figure 12. Comparisons of the numerical results (top two panels) and 
the observations (bottom panel) near watchtower 8 at the rip current 
event. 

 
 

Figure 12 shows the computed surface elevation and velocity 
vectors, and the observed velocity vectors with the rectified 
image presenting instantaneous water surface variation. Their 
locations and the patterns of rip current and surface waves 
qualitatively well agreed with each other. In addition, from the 
ortho-rectified plane images and the computed surface elevation, 
it was confirmed that the Haeundae rip current was developed 
through the nodal line of honeycomb wave-crest pattern (i.e., 
interference pattern in a shallow water) which is generated by 
two wave trains propagating with slightly different directions. 
The rip current was strongly developed southwardly from the 
shore at the edges of wave-crests shown in both of the 
observation and the computation. For the observed rip current 
velocity, its maximum velocity is 1.12 m/s and its average is 0.7 
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m/s when observing waves with Hs=0.9 m, Ts=8.2 sec, and θp 

=S4°E. For the computed rip current velocity, is 0.6 m/s. Even 
though the computed velocity is slightly smaller than the 
observed velocity of the rip current, it can be said that they agree 
with each other reasonably because of some uncertainties such 
as the different definitions, the possible errors of the observation, 
the empirical coefficients and errors of numerical simulation. 

This preliminary results of the observation using the video 
images can be improved by taking into account the correlation 
between the floating velocity and the current velocity, and the 
precision of GCP surveys over the sea surface. The future 
improvements will enable this technique to support a lot useful 
data to verify the forecast of rip currents. 
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ABSTRACT 
 
Cho, W.C.; Kim, J.H.; Hur, D.S., and Kim, I.H., 2014. Rip currents generation by geomorphological change in 
Gyeongpo Beach, South Korea. In: Lee, J.L.; Leatherman, Stephen P., and Lee, J. (eds.), Proceedings, 3rd 
International Rip Current Symposium (Busan, Republic of Korea). Journal of Coastal Research, Special Issue, No. 72, 
pp. 22–27. Coconut Creek (Florida), ISSN 0749-0208. 
 
Most beaches in Gangwon-do, South Korea have topographic characteristics that are mainly influenced by waves and 
seabed conditions. Gyeongpo Beach is one of the most famous beaches as a tourist attraction in the east coast of 
South Korea, and many people have visited and enjoyed sea-bathing in this area during the summer holiday season. 
However, rip currents are often source of danger for the swimmers because rip currents drag the swimmers away 
from the beach and put them to death by drowning. As Gyeongpo Beach has a straight shoreline, it is directly 
exposed to high waves that induce a significant change of bottom topography. Sandbars are usually formed in the 
processes of topographical changes from the swash zone to the surf zone and increase the possibility of rip current 
occurrence. Therefore, the monitoring of the topographic changes in this region is important to understand the 
mechanism of rip current generation. In this study, field observations were performed to measure foreshore slopes, 
water depths, and cross-sectional changes of bottom topography from the swash zone to the surf zone from 
December, 2013 through February, 2014. In order to trace nearshore currents, a GPS mounted on buoy-type 
equipment was designed, considering the minimization of wind effect. A single beam echo sounder equipped with 
RTK GPS (Real Time Kinematic GPS) was also used to observe the formation and movement of sandbar. The field 
observation results were used to understand the correlation between the sandbar movement and the rip current 
generation. According to the analysis results of two different field observation events in Gyeongpo Beach, a kind of 
salient beach is formed between O-ri Rock and the beach. Also, the results show that both arc sandbars and straight 
sandbars are mixed in the entire area. Finally, the field investigation results in this study show that the mechanism of 
rip current generation is closely related to the shape and location of sandbars. 
 
ADDITIONAL INDEX WORDS: Rip currents, topographic characteristics, sand bars, beach profile. 
 

 
INTRODUCTION 

In the past, bathing beaches are considered as appropriate 
place for safe swimming. Recently, people do not only enjoy 
swimming but also holding various recreation activities. Like 
this, beaches have become gradually familiar to people. 
However, cautiousness is required when people swim in beaches 
due to accidents caused by morphology change and rip currents 
near coastal structures.  

Crescentic nearshore bar is one of main contributors for rip 
current as water depth is sharply changed. Gyeongpo Beach is 
straight beach that is directly exposed to high waves. It leads a 
significant change of submarine topography. Thus, in this study, 
investigation of topological and physical oceanography were 
conducted to find out the correlation between the change of 
shoreline and submarine topography near the swash zone and 
the rip current, targeting Gyeongpo Beach in 2013 and 2014.  

 
Rip currents are observed and studied by Shepard (1936). At 

the early stage of the study, he conducted an investigation to 
find out a basic mechanism through theoretical model 
(Darlymple and Lozano, 1978). In the case of South Korea, 
studies about the rip current were begun in 1990s. Two types of 
numerical analysis methods, ‘wave and current coupling model’ 
(Haas et al., 2003) and ‘Boussinesq equation model’ (Chen et al., 
1999), are used for the rip current studies in Haeundae Beach, 
Busan, South Korea, applying the concept of radiation stress. In 
eastern coast of South Korea, rip currents are generated by 
crescentic nearshore bars that are shaped as crescent moons 
parallel to the shore and can be viewed as an alongshore 
sequence of horns (shoals) and bays (cross-shore troughs) 
alternating shoreward and seaward of a line parallel to the shore. 
The surf zone of sandy beach usually shows variety of 
complicated morphological patterns that sometimes exhibit a 
remarkable alongshore periodicity. Crescentic sandbars, also 
known as lunate bars, are a well-known example of such 
rhythmic patterns. Occasionally, crescentic nearshore bars are 
associated with similar rhythmic protuberances in the shoreline 
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(e.g., Sonu, 1972), known as shoreline rhythms, shoreline sand 
waves, or mega cusps. Therefore, the purpose of this study is to 
reveal the correlation between the cause of rip current near 
Gyeongpo Beach and the geomorphology change. 
 

STUDY AREA 
Gyeongpo Beach, one of the most representative beaches of 

Gangwon-do in South Korea, is highly valued for relaxation, 
sports, and leisure. Its whole range of the littoral drift cell is 
approximately 9.17 km. The littoral drift cell includes Sacheon, 
Sunpo, Sageunjin, Gyeongpo, Gangmun, Songjeong, and 
Anmok beaches (between 37°49´46´´N and 37°46´22´´N and 
between 128°52´42´´E and 128°56´50´´E). Gyeongpo Beach has 
a straight shoreline and its length is about 1.8 km (between 
37°49´28´´N and 37°47´58´´N and between 128°54´17´´E and 
128°54´51´´E) (Figure 1).  

Gyeongpo Beach is one of the most popular tourist attractions 
where a number of domestic and foreign tourists, over 4,500,000 
a year, are visiting. As most of visitors are likely to enjoy 
swimming in the beach, the possibility of safety accident has 
increased during summer season. In the neighboring beach in 

Gyeongpo area, safety accidents often occur by swells and rip 
currents. On 24 February 2008, 3 people were dead and 15 
people were injured by swells around the breakwaters at 
Gangneung port. Also, 3 people were dead and 2 people were 
injured around the breakwaters at Jumunjin port on 9 January 
2009. Recently, there was an accident caused by rip currents in 
Jumunjin Beach at 17:00 on 4 July 2014. From this accident, 1 
person was drowned and 7 people were rescued. At the time of 
the accident, the significant wave height was 1.69 m. After that, 
at 15:00 on 5 July 2014, 1 person was drowned in Sageunjin 
Beach. At the same day, 1 person was drowned and 3 people 
were rescued in Gangmun Beach. At the time of the accident, 
the significant wave height was 0.94 m. The accidents caused by 
swells mostly occurred around the breakwaters, and the 
accidents caused by rip currents mostly occurred in the 
swimming zone. Gyeongpo Beach has a wide range of sandy 
beach that is sourced from Sacheon, Anhyeon, and Gyeongpo 
streams. Also, sand bars are well formed alongside the shoreline, 
but the beach is directly exposed to high waves so that the slope 
of beach face is steep, and bathymetric changes largely occur 
(Figure 1). 

 

 
Figure 1. Study area of Gyeongpo Beach, littoral drift cell includes seven beaches with its length of 9.17 km.

 
 

METHODS 
To investigate shoreline changes, RTK-DGPS (Real Time 

Kinematic-Differential Global Positioning System) was used. In 
the investigation of beach profile change, RTK-DGPS (Model 
name: Leica 1230) was used for land survey. Also, the research 
staffs entered the seawater to DL (-) 1.5 m, and acquired 
coordinate. Investigation of water depth from DL (-) 1.5 m to 
DL (-) 25 m was conducted by an oceanographic research ship 
equipped with Echo sounder. For the observation of rip current, 
self-made equipment, COI (Current Observation Instrument), 
was used. The survey staffs observed the speed and direction of 
movement by taking local data at 30 seconds intervals. Also, 
AWAC (Acoustic Wave and Current profiler) was installed in 
Youngjin beach DL (-) 27 m (37°53´05´´N and 128°51´33´´E) 
to take local data related to the wave and tidal current. 
 

ANALYSIS RESULTS 
 

Analysis of Geomorphology and Beach Profile 
According to the analysis of water depth in Gyeongpo Beach 

on 16 June 2014, the bathymetry consists of big and small rocks, 
including ‘O-ri Rock’ and ‘Sip-ri Rock’ (Figure 2). It is 

analyzed that the length of the mega cusp is approximately 1km, 
and the distance from horn and embayment is about 70 m. In 
addition, the analysis result of bathymetry in Gyeongpo Beach 
shows that small and big crescentic nearshore bars are formed 
alongside shoreline. The locations of the nearshore bar are 
described as NB-A, NB-B and NB-C, and the locations of the 
rip channel between sandbars are described as Zone-A and 
Zone-B (Figure 3). The lengths of NB-A, NB-B and NB-C are 
about 200 m, 120 m and 250 m, respectively. In terms of width, 
NB-A, NB-B and NB-C are about 50 m, 45 m and 40 m, 
respectively (Figure 3). The widths of the rip channel in Zone-A 
and Zone-B are about 110 m and 50 m, respectively (Figure 3).   

Especially, the water depth of both GP01 and GP03 at the 
nearshore bar is EL (-) 0.9 m, while the water depth of GP02 at 
the rip channel is EL (-) 2.0 m. This result shows that the 
difference of water depth between the sandbar and the rip 
channel is about 1.1 m (Figure 4). Also, the water depths of 
GP03 and GP05 at the nearshore bar are EL (-) 0.9 m and EL (-) 
1.2 m, respectively, while the water depth of GP04 at the rip 
channel is EL (-) 1.9 m. It shows that the difference of water 
depth between the sandbar and the rip channel is approximately 
1.0 m (Figure 4). From the data of water depth, it is inferred that 
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there are no wave breakings at the rip channels located in the 
relatively deeper water depth, while wave breakings occur over 
the sandbars at NB-A, NB-B and NB-C, increasing water levels 
near the shoreline behind NB-A, NB-B and NB-C. 
Consequently, the increased water levels generate the rip 
currents at Zone-A and Zone-B. 
 
Analysis of Wave and Rip Current 

The first observation of the rip currents was performed at 
15:30 on 6 June 2014. The significant wave height is 0.80 m, 

and the significant wave period is 5.7 seconds (Figure 5). The 
second observation of the rip currents was conducted at 17:40 
on 14 June 2014. The significant wave height is 1.0 m, and the 
significant wave period is 9.3 seconds (Figure 5). The first 
observation shows that the rip currents are moving in the 
direction of north and east from shoreline at the maximum 
speed of 0.28 meters per second. In the second observation, the 
maximum velocity of the rip currents that are moving in the 
direction of east is 0.68 meters per second. 
 

 
Figure 2. Analysis of bathymetry.

 
 

 
Figure 3. Geomorphology nearshore sandbar NB-A, NB-B, NB-C, Rip channel, Zone-A, Zone-B.
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(a)                                                                                                (b) 

 
Figure 4.  Beach  profile zone-A, GP01, GP02, GP03,  Zone-B, GP03, GP04, GP05.

 
 

 
(a)                                                                                                (b) 

 
(c)                                                                                                (d) 

 
(e)                                                                                                (f) 

 
Figure 5. Wave induced current (a) and (b), significant wave height and period, (c) and (d), maximum wave height and period, (e) and (f).
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Numerical Analysis 
In this study, a 3-dimensional (3-D) numerical model with 

Large Eddy Simulation, which can directly simulate Wave-
Structure-Sandy beach interactions (hereafter, LES-WASS-3D), 
was used to investigate the vertical flow characteristics between 
the sandbars. We adopted the Smagorinsky sub-grid scale 
model to determine eddy viscosity. Furthermore, inertia 
resistance, turbulence resistance, and laminar resistance are 
used in our model as fluid resistances.  

The basic equations used are the continuity equation 
including a wave generation source for non-reflected waves, 
and the modified Navier-Stokes momentum equations that 
include fluid resistance in porous media to model a three-
dimensional fluid field. In addition, free surface is governed in 
terms of the Volume Of Fluid (VOF) function and, the 
proportion of the fluid volume in the cell to that of the whole 

cell volume. Detailed explanation about LES-WASS-3D model 
can be found in Hur et al. (2012). 

A numerical wave tank was arranged to recreate the 
crescentic nearshore bars (Figure 6). For the incident wave 
conditions, the second observation data were used. Also, to 
simplify the numerical simulation, we used 1.5 m incident wave 
height, that is 50 percent larger than the observed one. Figure 7 
shows the vertical mean flow distributions at the gaps between 
the sandbars, and it shows that the flows move onshore at the 
water surface and offshore below the water surface. From this, 
we can infer that wave breakings over the sandbars increase 
water levels near the shoreline behind sandbars and 
subsequently, the increased water levels flow toward the 
relatively lower water levels behind the gaps between the 
sandbars. These flows, consequently, merge and generate rip 
currents moving offshore through the gaps. 

 

 
Figure 6. Numerical wave tank for numerical simulation.

 
 

 
Figure 7. Vertical mean flow distribution.
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CONCLUSIONS 
Gyeongpo Beach, where a number of domestic and foreign 

tourists are visiting during summer season, is the longest beach 
in South Korea with its length of 9.17 km. From the results of 
analyses of shoreline, beach profile, and water depth, sandbars 
are well formed alongside the shoreline. From the field 
observation and numerical analysis, it is revealed that the 
sandbars induce wave breakings and thus increase water levels 
near the shoreline behind the sandbars. The increased water 
levels, consequently, generate rip currents flowing offshore 
through the gaps between the sandbars, putting swimmers in 
danger.  
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ABSTRACT 
 
Shin, B.S. and Kim, K.H., 2014. Rip current monitoring using video analysis. In: Lee, J.L.; Leatherman, Stephen P., 
and Lee, J. (eds.), Proceedings, 3rd International Rip Current Symposium (Busan, Republic of Korea). Journal of 
Coastal Research, Special Issue, No. 72, pp. 28–32. Coconut Creek (Florida), ISSN 0749-0208. 
 
The coast of South Korea is increasingly exposed to serious coastal erosion problems. It is vital to develop scientific 
and systematic approaches for a quantitative review of the problem so that appropriate countermeasures can be 
established. Recently, a research method employing video images has become significant in field investigation and 
real-time monitoring. The proposed approach of this study is to measure the sea surface rather than to measure 
specific sea spots. Using the collected video images, each images are extracted an hourly basis in a specific time zone. 
Also, the extracted images are calibrated using geometrics and then the mechanism of wave-induced current 
occurrence and its moving path are investigated. Using dyes, the flow conditions of wave-induced current were 
filmed on a regular basis. As a result, the paths of longshore current and strong rip current were found. It is expected 
that the Video Metric System employed in this study will be effectively utilized in field tests in near future to further 
study the mechanism of wave induced current occurrence and its paths. 
 
ADDITIONAL INDEX WORDS: Field investigation, wave induced current, rip current, VMS(Video Metric 
Systems), PIV(Particle Image Velocimetry)buoy tracking. 
 

 
INTRODUCTION 

Rip currents are recognized as being significant mechanisms 
for offshore sediment transport of sediment and associated beach 
erosion (Komar, 1998). In general, the spot-observation by 
electromagnetic current meter and tracking observation by buoy 
has been used for identifying the characteristic of how fluids 
travel. However, it is difficult for such methods to precisely 
estimate the fluid occurrence spot and its path. Accordingly, this 
study proposes the use of a combined approach of the 
Lagrangian dye method and video metric system for measuring 
the sea surface. The proposed method is used to investigate the 
longshore current and rip current in a target study area and then 
the mechanism of the wave-induced current occurrence and its 
moving path are studied. Using the collected video images, each 
images are extracted an hourly basis in a specific time zone. The 
extracted images are calibrated using geometrics and then the 
mechanism of wave-induced current occurrence and its moving 
path are investigated (Kim, 2003).  

Then, the sequential photographs were analyzed using Particle 
Image Velocimetry method to investigate the spreading speed 
and the movement direction of the wave-induced current. The 
mechanism of the wave-induced current will provide important 
information on the cause of beach erosion and deposition. A rip 
current is a strong and narrow seaward-directed flow of water in 
or penetrating through the surf zone. 

METHODS 
The wave-induced currents lead to beach deformations 

through complex sediment transport process. In addition, the 
sediment transports may take place on a daily and yearly basis. 
In the long run, even such an infinitesimal deformation by the 
consistent sediment transports may cause deformation in the 
entire beach area.  

However, it has been difficult for the traditional monitoring 
schemes of sediment transport dynamics using photo and video 
images to estimate the long term deformation. The reason is that 
it is hard to measure infinitesimal deformations due to its low 
resolution. Therefore, multi-video monitoring is required to 
overcome the limitations of the low resolution. The disposition 
of the video cameras with the consideration of subject area and 
its characteristics should be carefully considered. 

Figure 1 shows a flow chart on how the proposed approach is 
developed. The cameras are installed first and then the dye is put 
into water. Note that the dye used in this study is an eco-friendly 
dye Sea Marker. The spreading phenomenon of the dye is 
captured, and then image digitization, coordinate rectification, 
and image processing are conducted. Next, the spreading areas, 
distances and velocities are estimated from the video images to 
investigate the characteristics of wave-induced currents. Sea 
Marker, which is harmless enough to be used for rescue of 
castaways, was used as the dyes for this study. 
 
Wave Induced Current in Surf-zone 

In the oceans, there exist various currents, including ocean 
current, tidal current, longshore current, rip currents, return flow, 
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Figure 1. Study flow. 

 
 
mass transport flow, river discharge and density current, besides 
waves. Among those, tidal current, longshore current, rip current 
and river discharge are important, particularly in environmental 
issues including ecosystem. Hence, the changes of those currents 
in the sea areas should be examined considering water depths 
and average fluid flow. 

In particular, when wave heights changes spatially, a spatial 
slope is developed with the radiation stress caused by the waves. 
Thus it creates wave-induced currents. The wave-induced 
current (or wave breaking-induced current) could be divided into 
two types: longshore current (which flows in parallel with the 
coastline) and rip current (which rapidly gets out through a 
narrow waterway to open sea).   

Rip current can carry away a great amount of ocean water and 
deposit toward the ocean. Therefore, many studies on the 
mechanism of rip current have been extensively conducted since 
the 1940's. They include theory, numerical simulations, 
laboratory testing, and field observations (Stefan et al., 2004). 
The interaction of wave-induced current and the motions of 
waves lead to beach erosion, deposition and deformation via 
carrying way the floating sands. But the wave-induced current 
varies within and outside the wave breaking zone, thus the sea 
area monitoring under the precise conditions of tide and current 
is required to investigate the mechanism of the wave-induced 
current. 

 
Video Image Analysis 

Since the field investigation of wave-induced current using 
video enables a broad range of data collections, it makes it 
possible the real-time monitoring of the entire flow pattern in a 
cost-effective way. 

However, there exists a discrepancy in scales between the 
collected images and actual areas, which make it difficult to 
estimate the location and distance of the rip currents. In order to 
fix the inconsistency, geometric calibration of the collected 
images was conducted before image processing. The projection 
transformation-based correction was used for the determination 

of focal length, lens calibration and the geometric correction of 
the images (Arita and Deguchi, 2007). 

 
· Stereo Image Calibration –The image processing scheme 

in this paper is based on the geometry under the principle of 
photogrammetry. That is, the coordinates of each image are 
fixed as a single same coordinate. The image is formulated 
as a function of locations, focal lengths, camera tilt, camera 
swing, camera azimuth, and camera elevation on the real 
ground, shown as Equation (1). 
 

 

( , ) ( , , , , , , )x y f X U Zc s Ht f=           (1) 

 
 

Here, (x, y) is the coordinate of images, X,Y,Zc is the real 
three-dimensional coordinate that corresponds to (x, y) of 
image in the real ground, fc is focal length of camera, t  is 

tilt of camera (in the upward direction from the horizontal 

axis), f  is the camera angle, s is the elevation of camera 

from the origin, respectively.  
To measure high quality data using the limited number of 
cameras (e.g., two cameras in this paper), it is desirable to 
maximize the overlapped areas. Therefore, 12 overlapping 
points in the subject area were selected to film the dye 
movement.  From the collected images, the parameters on 
the camera disposition, the angle of depression and the angle 
of view are determined. The estimate of the real coordinates 
is determined using the calculated camera parameters and 
the overlapping coordinate of the two images. The 
perspective transformation model based on Pin-hole Camera 
was employed to measure real spatial coordinates (Inokuchi 
and Sato, 2002). Figure 2 shows the coordinate system used 
for the transformation. To transform the 2D image 
coordinate of (Xp, Yp) into the 3D real coordinate of (xp, yp, 
zp), the correlation equation between Equations (2) and (3) is 
used. 
 

 

 
Figure 2. Coordinate system (Inokuchi and Sato, 2002).

 
 



30 Shin and Kim 
_________________________________________________________________________________________________ 
 

Journal of Coastal Research, Special Issue No. 72, 2014 

 

( ) ( ) ( )
( ) ( ) ( )033032031

013012011

zzayyaxxa

zzayyaxxa
cX

ppp

ppp

p
-+-+-

-+-+-
-=

   (2) 
 

( ) ( ) ( )
( ) ( ) ( )033032031

023022021

zzayyaxxa

zzayyaxxa
cY

ppp

ppp

p
-+-+-

-+-+-
-=      (3) 

 
where [xp, yp, zp] is the 3D coordinate in real space, [x0, y0, 
z0] is the central position of lens in real space, a11 ~ a33 is the 
rotational angle of x0, y0, z0, which is estimated from [ω, φ, 
κ] and c represents the focal length of camera lens, 
respectively. 
 

· Absolute Coordinate Analysis – When the images are taken 
on inclined target surfaces, it is important to determine the 
correlation between the image and the real coordinates. In 
other words, using the difference of real distances between 
the image and real coordinates, the distance can be estimated 
and the quantitative analysis can also be conducted. It is 
noted that the coordinates of the image and real targets need 
to be geometrically calibrated. In general, the cross 
correlation method and cross correlated spectrum method 
using luminance value are commonly adopted approaches for 
analyzing coordinates: in this study, the cross correlation 
method is used to calculate identical spots of two photos. The 
two-dimensional signals f (X, Y) and g (X + ΔX, Y + ΔY) 
are calculated from the distribution of brightness-values of 
the two photos. The cross correlation function Cfg (ΔX, ΔY) 
can be calculated from a standard closed form expression. 
When the analysis target area is N by N pixels. 
 

· Calculation of Real Coordinate by Bundle Adjustment 
Method – In Bundle Adjustment Method, image coordinate 
system, model coordinate system and barycentric coordinate 
system are used in addition to the previously mentioned 
coordinate systems. The coordinate systems of both cameras 
are transformed into an image coordinate system (called 
inner orientation), and then is transformed into a model 
coordinate system (called relative orientation). Then, the 
estimated value of the model coordinate is transformed into a 
world coordinate (called absolute orientation). This study has 
focused on the collection of the transformed numerical 
images.  Since there are differences of the RGB codes in 
between seawater and dye, the image of dye was extracted 
and digitized as a pictorial result. 

 
Study Area 

Since shore protection systems and coastal roads are 
constructed in 1999, Namae Beach located in the east coast of 
Korea has been facing beach erosion. To solve the problem, it is 
reported that a study for countermeasure establishment has been 
carried out (Kim, Widayati, and Yoon, 2008; Kim, Yoo, and 
Kobayashi, 2011). However, the mechanism of sediment 
transport dynamics is still vastly underexplored. With this in 
mind, Namae Beach is selected as a study area in this paper. 

 
 

 

 
Figure 3. Study area. 

 
 
The average of tidal range is less than 0.3 m. As shown in 

Figure 3, the dominant wave directions are NE during summer 
and ESE for winter, respectively. 

 
Video Monitoring 

In order to investigate the characteristics of wave-induced 
current at the entire subject sea, dye was put into the water at the 
depth that the breaking zone is covered. To film the moving path 
of the dye, video cameras were installed on nearby tall buildings. 

Since the direction of currents is closely related to waves and 
wind, the waves and winds are also measured in the same 
location: the wave has the dominant direction of SE. It has the 
significant wave height of 1.5 m. The southern wind velocity is 
measured as 6.8 m/s. 

 

 

 
Figure 4. Camera installation and dye diffusion test. 

 
 
Video Image Analysis 

Static images (Figure 5), which were filmed by the videos 
located at two places, were created at the same interval of time 
(1 min) for the analysis of the speed and direction of longshore 
current along with the measurement of ground control point to 
be used at the projective transform of shore-protection shape by 
GPS instrumentation device. With the application of above-
mentioned Stereo Image Calibration, Calculation of Absolute 
Coordinate and Real Coordinate Calculating Method, the 
coordinate of dye’s spreading area is given (b, c, d). Next, the 
process of separating the image of sea surface colored by dyes 
was employed for the analysis of spreading feature (Figure 5) 

Figure 6 shows the dye’s spreading features analyzed by time. 
Another analysis of the regular changes of the images analyzed 
by time reveals the speed and direction of spreading as seen at 
Figure 6. And according to the flow direction, the features of 
longshore current and rip current have been drawn. 
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Figure 5. Image analysis. 

 
 
The movement phases of dye were filmed at regular interval 

of time for analysis so that the flow of wave-induced current 
might be estimated, which produced that there was a longshore 
current from the northern sea (bedrock area) to the beach and 
also another flow of longshore current along the coastline from 

the south to the north on the southern coast while there was a 
strong rip current among projected rocks at the center of beach. 
In addition, as seen at Figure 7, the image analysis by time made 
it possible to calculate the current velocity according to the flow 
of wave-induced current quantitatively. 

 
CONCLUSIONS 

This study proposed the use of computer vision technology 
for measuring the sea surface to estimate the wave-induced 
current, which is a major external force of sediment transport 
causing bottom change and beach deformation. The mechanism 
of the wave-induced current occurrence, its moving path, 
dispersion features and velocity were studied. To improve the 
accuracy of observations, the internal parameters such as lens 
distortion and focal length were estimated. Furthermore, when 
the identical dots on the images were interpreted, the projection 
transformation by Affine Transformation and Bundle 
Adjustment Method were employed to analyze the common spot 
of each image. It was found useful to supplement the eulerian 
current measurements with an overall view of the current as 
given by the motion of dye. It is expected that the proposed 
Video Metric System can be used for field implementation for 
measuring the wave- induced current. 

 

 

 

 
Figure 6.  Aerial dye diffusion (1 min ~ 30 min by 1min wave direction NE, wind direction ENE). 
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Figure 7. Trajectory of dye cloud during 1-5, 5-8, 18-19, and 25-30 min after dye release near northern end of Namae Beach (shoreline: solid black 
line). 
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ABSTRACT 
 
Hwang, J.S.; Yun, H.S.; Suh, Y.C.; Lee, J., and Kang, S.C., 2014. Rip current research using a CCTV image analysis 
including swimmer detecting techniques at Haeundae Beach, Korea. In: Lee, J.L.; Leatherman, Stephen P., and Lee, 
J. (eds.), Proceedings, 3rd International Rip Current Symposium (Busan, Republic of Korea). Journal of Coastal 
Research, Special Issue, No. 72, pp. 33–38. Coconut Creek (Florida), ISSN 0749-0208. 
 
In this study, a rip current analysis method using images from a CCTV installed on a beach was investigated. A 
method that automatically calculates the absolute coordinates of a swimmer captured via CCTV by combining image 
recognition technology and single photo-based photogrammetry was developed, and a method by which the analysis 
of many calculated absolute coordinates could be used for the monitoring of rip current occurrence, studies on rip 
current occurrence trend, and the measurement of stream velocity at the surface of a rip current was suggested. The 
image captured during the occurrence of a rip current at Haeundae Beach was analyzed as an example. Based on this 
analysis, it was found that the method suggested in this study was appropriate for the research and monitoring of a rip 
current. 
 
ADDITIONAL INDEX WORDS: Rip currents, feature recognition, photogrammetry. 
 

 
INTRODUCTION 

Haeundae Beach is a popular beach in Korea that many 
people visit every summer. As the number of users has 
continuously increased, intensive management for the 
prevention of various accidents is required. Among the various 
risk factors that threaten the safety of vacationers at Haeundae 
Beach, rip current is one whose importance has recently 
increased. As the frequency of rip current occurrence has 
increased, the damage from such has rapidly increased. There is 
an urgent need to develop and implement appropriate 
countermeasures.  

To prevent life-threatening accidents due to rip currents, 
studies on the causes and patterns of rip current occurrence 
should be studied; and based on this, application studies on the 
removal or reduction of the cause of occurrence and on the 
efficient operation of an alarm system need to be performed. 
Research on rip current was started from the study of Shepard 
(1936). In the early stage, studies investigating the cause of 
occurrence using a theoretical model were mostly performed 
(Dalrymple and Lozano, 1978) and in recent years, studies using 
numerical simulation have been widely performed. To evaluate 
the appropriateness of the result analyzed using numerical 
simulation, quantitative measurement and analysis of the pattern 
of actual rip current occurrence are required.  

 
Various methods have been used for this purpose. In the study 

of Austin et al. (2010), situ acoustic doppler current meters and 
pressure transducers, as well as 12 GPS-tracked Lagrangian surf 
zone drifters were used. Murray, Cartwright, and Tomlinson 
(2013) analyzed the frequency and duration of a transient rip 
current using an image captured at an altitude of more than 100 
m, while Haller, Honegger, and Catalan (2014) studied the 
trends in rip current occurrence using marine radar. In addition, 
various measurement methods have been applied to measure the 
trend and velocity of rip current occurrence. Studies on the 
development of a more accurate and effective method have also 
been performed. 

This study was conducted as part of the preliminary research 
for developing a method that can precisely measure the trend 
and velocity of rip current occurrence using CCTV images. A 
methodology was organized by combining image recognition 
technology and single photo-based photogrammetry (SPP). This 
was applied to an image that captured a rip current that had 
occurred at Haeundae Beach. A method that automatically 
recognizes a swimmer who is swept away by a rip current in a 
captured image and measures the position as real world 
coordinates using SPP was implemented, and the use of the 
swimmer position that had been measured continuously was 
examined to analyze the trend and velocity of rip current 
occurrence and develop an alarm system. 
 

METHOD CONFIGURATION 
In this study, a method that can be used for providing an 

alarm for rip current occurrence and for the analysis of the trend 
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and stream velocity of a rip current using CCTV installed on a 
beach was developed (Figure 1). 

In this method, CCTV is installed at a region with frequent rip 
current occurrence, and images are continuously obtained by 
filming the corresponding region in real time (Stage 1 in Figure 
1). In Stage 2, the region of non-interest such as the sandy beach 
is excluded from the obtained image, and a target analysis area 
is limited by defining the region of interest (ROI) where rip 
current may occur. In Stage 3, using an image recognition 
algorithm, swimmers in the image are recognized, and the image 
coordinates are automatically obtained. In Stage 4, the image 
coordinates of the swimmer are converted to absolute 
coordinates that can be marked on a map by performing SPP. To 
perform precise SPP, determination of interior orientation 
parameters (IOPs) by CCTV calibration and determination of 
exterior orientation parameters (EOPs) by the application of 
control points need to be carried out in advance. In the last stage, 
by analyzing the distribution of calculated absolute coordinates 
and the changes depending on time, an alarm for rip current 
occurrence is issued or the result is used for studies on the 
characteristics of a rip current. 

 

 

 
Figure 1. The composition of the method for analysing rip currents using 
CCTV images. 

 
 
Detecting Swimmers on the Image 

To calculate the absolute coordinates of vacationers who are 
swept away by a rip current, swimmers distributed on a captured 
image need to be automatically recognized, and the image 
coordinates of the swimmers need to be calculated. Figure 2 
summarizes the method for this. In the first stage, image pre-
processing for precise image recognition should be performed. 
The target data of pre-processing was the ROI of the captured 
image shown in Figure 3. The parts that are not ROI were the 
parts not related with the swimmers who are swept away by the 
rip current (e.g., beach, rocks, and marine safety facilities), and 
they were excluded in advance to shorten the image processing 
time and to prevent errors in recognizing the swimmers. In the 

pre-processing, the image is processed by adjusting saturation, 
brightness, and contrast so that the sea and the swimmers can be 
more clearly distinguished. As shown in the result of the 
saturation adjustment in (B) of Figure 3, the blue color of the sea 
in the image was more emphasized, and thus, it was more 
clearly distinguished from the swimmers. This distinction can 
become clearer by the emphasis of brightness and contrast as 
shown in (C) of Figure 3. Through this pre-processing, the 
accuracy of the result of swimmer recognition can be improved. 

When the pre-processing is completed, the color image is 
converted to a gray-scaled image (D) in Figure 3. By applying a 
specific threshold value among the brightness values of the 
pixels constituting the gray-scaled image, a binary image is 
generated where the pixels with a brightness of less than the 
threshold value have a value of 0 and the remaining pixels have 
a value of 1 (E) in Figure 3. As shown in the binary image in (E) 
of Figure 3, the value of 0 is assigned to the swimmers and 
lifeboats within ROI, and thus they are shown in black. The 
value of 1 is assigned to the remaining sea, and thus it is shown 
in white. 
 

 

 
Figure 2. The method for calculating image coordinates of swimmers on 
the captured image.

 
 
In the last stage, leveling and grouping are applied to the 

binary image. In this stage, among the pixels shown in black in 
the binary image, adjacent pixels are classified as one group 
while groups located at the boundary and in the interior are 
distinguished. A level value of 0 was assigned to the sea, and a 
level value of 1 was assigned to the swimmers and other marine 
facilities. If a group with a level value of more than 2 existed 
within a group that corresponds to level 1, they were combined 
as one group, and were recognized as a single object. The image 
coordinates of the swimmers in the captured image can be 
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calculated by removing groups with a specific size or above 
from each group that corresponds to level 1 accounting for the 
observation that they are not swimmers, and by obtaining the 
image coordinates of the central bottom end of the remaining 
groups. 

 

 

 
Figure 3. Examples on image processing results by the steps for 
recognizing swimmers automatically. (A) ROI of captured image, (B) 
saturation adjustment results, (C) bright and contrast adjustment results, 
(D) gray-scaled image, (E) binary image, (F) leveling and grouping 
results.

 
 
For the pre-processing stage and the binary image stage 

among the image recognition stages shown in Figure 2, specific 
values need to be applied. The values of saturation, brightness, 
and contrast need to be determined, and the threshold value for 
binarization needs to be determined. This is because although 
images are captured using CCTV fixed at a certain point, the 
characteristics vary depending on the season and time. 

In this study, as a method that can properly determine these 
reference values for image analysis, a method that empirically 
determines reference values that change with time was used. 
Figure 4 shows the changes in the sunrise, culmination, and 
sunset times in Haeundae Beach for a year. The reference values 
of image correction for each month and time zone can be 
empirically calculated, which can then be used for the analysis. 

 
 
 
 

 

 
Figure 4. Variation of annual sunrise, south and sunset time of Haeundae 
Beach.

 
 
Figure 5 shows the changes in the gain value of the CCD 

sensor in the automatic correction mode depending on the 
amount of light. By modifying the reference values of image 
correction for each month and time zone so that they fit the 
changes in the gain value, similar levels of image recognition 
results could be obtained even in various image filming 
environments. 

 

 

 
Figure 5. Variation in the gain values of CCD sensor by the intensity of 
incident light. 

 
 
Single Photo based Photogrammetry 

In this study, to measure the absolute position of swimmers, 
SPP, which can measure the absolute position of objects using 
an image captured by one camera, was used. Unlike an existing 
method, this absolute coordinate calculation method calculates 
absolute coordinates using equations without performing 
separate image transformation. Thus, it has the advantage of 
minimizing calculation time. Also, it can calculate more precise 
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absolute coordinates by eliminating the distortion included in the 
image. 

To convert the image coordinates of the swimmers in the 
image to absolute coordinates in the real world, more precise 
image coordinates need to be calculated by eliminating the 
distortion occurring in the image. First, the method for 
calculating radial distortion included in the image is shown in 
Equations (1) and (2). Based on the differential application of 
this method in the measured image coordinates, radial 
distortion-eliminated image coordinates can be obtained. 

 
  =    

 +    
 +    

     (1) 
 

   =
  (    )

 
            

   =
  (    )

 
                             (2) 

where,    = Radial lens distortion of image, (x, y)  = Image 
coordinates of subject, (x ,   )  = Image coordinates of IPP 
(Indicated Principal Point),   = ( −   )

 + ( −   )
 , 

K , K , K  = Radial lens distortion coefficient. 
Then, the method for calculating tangential distortion that 

occurs due to minute disagreement among the centers of each 
lens constituting the compound lenses is shown in Equation (3). 
By additionally eliminating the distortion calculated by Equation 
(3) from the radial distortion-eliminated image coordinates, 
tangential distortion-eliminated image coordinates can be 
calculated. 

 
        =   [ 

 + 2( −   )
 ] + 2  ( −   )( −   ) 

        =   [ 
 + 2( −   )

 ] + 2  ( −   )( −   ) 
(3) 

 
Where,   ,    = Tangential distortion coefficient. 

The colinearity equation that is used for converting distortion-
eliminated precise image coordinates to absolute coordinates in 
the real world is shown in Equation (4). This concept is 
summarized in Figure 6. 

 

x −   =  
   ( −   ) +    ( −   ) +    ( −   )

   ( −   ) +    ( −   ) +    ( −   )
 

y −   =  
   ( −   ) +    ( −   ) +    ( −   )

   ( −   ) +    ( −   ) +    ( −   )
 

(4) 

 
Where, f = Focal distance of camera, (  ,   ,   ) = Absolute 
coordinates of center of photographing station, ( ,  ,  )  = 
Absolute coordinates of subject to measure the displacement, 
   ~    = Factor of 3-dimensional rotation matrix. 

To use Equations (1)~(4), several variables should be 
determined in advance. The radial distortion coefficient, 
tangential distortion coefficient, focal length, and the 
coordinates of the principal point need to be determined through 
CCTV calibration.  

The absolute coordinates of the filming center point and the 
three-dimensional attitude information that is used for the 
calculation of three-dimensional rotation matrix parameters need 
to be determined through exterior orientation using more than 
three reference points. 

 

 
Figure 6. Geometric model for matching image point and absolute 
position.

 
 
In addition, to calculate absolute coordinates in the real world 

from the two-dimensional image coordinates, the average sea 
surface value of the sea adjacent to the beach should be entered 
as the Z-coordinate value of the real world in Equation (4). 

 
PRELIMINARY RESULTS 

Using the methodology suggested in this study, the image of a 
rip current captured at Haeundae Beach was processed as an 
example. In the image, swimmers who are swept away by the rip 
current were automatically recognized, and the image 
coordinates were obtained. The absolute coordinates of the 
swimmers were calculated using SPP (Figure 7). 

As shown in Figure 7, an image in which the sea and the 
swimmers are clearly distinguished was obtained by performing 
the pre-processing of the ROI part among the obtained image. 
An image in which only most swimmers are left was generated 
through binary image processing. The reference values for 
image processing used in this process were determined 
empirically. The saturation, brightness, and contrast values were 
increased by 400%, 35%, and 40%, respectively. Among the 
range of the threshold value for binary image generation 
(0~255), 70, which is a value close to black, was used. 

Each swimmer was then objectified by generating leveling 
and grouping, and the image coordinates were obtained. Finally, 
using SPP, they were converted to absolute coordinates that can 
match the image data with a map. As shown in the final result on 
the upper right side of Figure 7, the spatial distribution of the 
swimmers who are swept away by the rip current is well 
represented using the captured image. Accuracy of the swimmer 
recognition was about 87%, and there were some cases in which 
swimmer recognition was omitted or a ride was misclassified as 
a swimmer. However, it is thought that this recognition rate is 
appropriate for applying the method in understanding the trend 
in rip current occurrence and issuing the necessary alarm. 
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Figure 7. Result of calculating absolute coordinates of swimmers swiped by rip currents occurred at Haeundae Beach.

 
 
Understanding the Trend in Rip Current Occurrence 

By manually and directly obtaining the image coordinates of 
an individual swimmer who is swept away by the rip current 
from a number of images that have been continuously captured 
and by converting them to absolute coordinates, the swimmer’s 
position information and velocity that changes with time can be 
obtained.  

At first, acquire the swimmers’ absolute coordinate passively 
through two images which were taken continuously in the 
situation of rip current occurrence. After that, apply the image 
shoot interval with difference between two coordinates. And 
then, it can calculate the moving speed of swimmers who were 
swept away by rip current. Like this, Figure 8 shows the vector 
diagram result of swimmers’ moving speed in rip current. 

 

 

 
Figure 8. Vector diagram of swimmer’s position.

 
 

By applying the time interval of image acquisition to this 
position information, the stream velocity at the surface of the rip 
current can be measured. This can be used to analyze the cause 
and characteristics of rip current occurrence. 

Rip Current Occurrence Detection and Warning 

Rip current occurrence acknowledgement and warning 
process can be implemented according to analyzing the 
characteristics of spatial distribution which presented the 
swimmers’ absolute coordinate acquired in real time. As 
someone can see the Figure 9, divide the swimmers distribution 
into 3 levels of General, Caution and Warning through the 
kurtosis. And it could be applied to safety management through 
developing the warning system which issues a warning in the 

situation of over Warning level. 
 

 

 
 
Figure 9. Distribution characteristics of swimmers by kurtosis.

 
 

CONCLUSIONS 
In this study, a method that automatically recognizes 

swimmers who are swept away by a rip current and measures 
the absolute coordinates using captured images was developed. 
The analysis of an image captured at Haeundae Beach based on 
the developed method indicated that the absolute coordinates of 
swimmers could be calculated. It was demonstrated that this can 
be used for analyzing the trend in rip current occurrence and 
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issuing the necessary alarm. In addition, the stream velocity at 
the surface of the rip current could be measured by manually 
obtaining the absolute coordinates of a swimmer from the 
images that had been captured continuously. 

For the practical application of these study results, further 
research needs to be performed, including the analysis of the 
accuracy of the absolute coordinates measured by the method 
developed in this study and a method that automatically 
recognizes the same swimmer from a number of images.  
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ABSTRACT 
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In response to the estimated 100 bathers that fatally drown in rip currents on America’s beaches every year, several 
warning and public education programs have been developed and implemented. Results from a 20-year study 
conducted by Fletemeyer on Panama City Beach, Florida reports that these programs, although well intended, are 
marginally effective with little gains in what bathers accurately know about rip currents. Education programs are 
often predicated on the belief that the public can learn how to spot rip currents while standing on the beach and 
studying the water. Two indicators believed key in spotting rip currents are turbidity and debris entrapped in the rip 
current and floating seaward at approximately the same velocity as the current. The results of this investigation 
determined that rip currents cannot be reliably identified on SE Florida beaches using these two indicators. 
Consequently, rip current education programs relying on the belief that the public can learn how to identify rip 
currents must be re-evaluated. In some cases, although well intended, rip current education programs may be 
contributing to drowning. 
 
ADDITIONAL INDEX WORDS: Drowning, prevention, rip tides, undertow. 
 

 
INTRODUCTION 

Of all beach hazards, rip currents are the most serious threat 
to public safety and are responsible for more deaths than floods, 
hurricanes and tornadoes. Rip Currents occur on most of the 
world’s salt water beaches and on a few fresh water beaches 
such as Lake Michigan (Meadows et al., 2013). While the exact 
number of fatal drownings is not known, it is estimated that at 
least 100 bathers drown in rip currents in America every year. 
Worldwide the number is estimated to be several thousand. 

Public education is believed to be key to reducing the number 
of rip current drownings (Brander, 2013; Fletemeyer and 
Leatherman, 2010). At the national level, a collaborative 
partnership between the United States Life Association (USLA) 
and National Oceanographic and Atmospheric Association 
(NOAA) is responsible for developing and implementing 
education, advisory and warning programs. 

The effectiveness of these programs has not been studied 
(Brander, 2013) although findings from Fletemeyer’s 20-year 
study on 40 kilometer Panama City Beach conducted with the 
aid of the Florida Beach Patrol Chiefs Association and the 
Florida Sea Grant Foundation suggests that rip current education 
programs may be only marginally effective. Scores on a six 
question rip current knowledge survey increased a dismal 9% 

 
over a 20 year period despite several education programs and 
initiatives conducted by the local hotel association, lifeguards, 
police department and the Bay County Tourist Development 
Council. In addition, the drowning rate did not improve from 
1992 to 2009. On average, one bather drowns on this beach 
every month (Figure 1). 

 

 

 
Figure 1. Drownings in Bay County between 1992 and 2009. 

 
 
Many aquatic experts believe that rip currents can be 

observed from shore. This belief is responsible for signs (Figure 
2) and programs for the public on how to spot rip currents by 
observing: 
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Figure 2. Signs for the public on how to spot rip currents. 

 
 

· A discoloration in the water. Rip currents are reported as 
having increased levels of turbidity with a marked color 
difference with the surrounding water.  

· Debris trapped by the rip current and floating seaward. 
· Unusual choppiness, often referred to excited wave action. 

 
In addition these programs typically portray rip currents as 

being mushroom shaped with a narrow neck terminating with a 
bulbous, mushroom shaped head. Rip currents were first 
described this way by Shepard, Emery, and Landford (1941) and 
this early description continues to be the descriptive paradigm 
used in most education programs. Thanks to recent work by 
MacMahan et al. (2005), it has become obvious that rip currents 
seldom resemble the shape commonly portrayed in literature. 

MacMahan’s research supports the need to describe rip 
currently differently. This need is further supported by surveys 
conducted by Fletemeyer and Leatherman on beaches of Florida, 
Southern Carolina, New York, California, Costa Rica and 
Thailand. These two investigators reported that the three 
characteristics cited above cannot be reliably used to spot rip 
currents. Consequently, these investigators believe that it is 
unrealistic to believe that members of the public can be taught to 
identify rip currents (Fletemeyer, 2011). In addition, Fletemeyer 
and Leatherman (2010) report that even experienced lifeguards 
sometimes have difficulty spotting rip currents from shore. For 
this reason, Fletemeyer (2013) suggests that real time swimming 
in a suspected rip current may be the only method of 
determining if a rip current is present or not. Only lifeguards, 
surfers and experienced swimmers should attempt this 
dangerous recommendation while exercising extreme caution. 
The danger of swimming in a strong rip current became apparent 
when an Olympic gold medal swimmer was instructed to swim 
in a strong rip current and had experienced difficultly returning 
to shore (Fletemeyer, 2013).  

The objective of this study is to provide empirical evidence 
why two characteristics, turbidity and debris floating seaward 
are not reliable indicators of rip currents on Florida beaches and 
maybe on other beaches. 
 
The Study Area 

The area that was the focus of this investigation included a 78 
kilometer stretch of beach located in two the contiguous 
counties of Broward and Dade in southeast Florida (Figure 3). 
Five beaches served as the study beaches. These were John U. 
Lloyd State Park Beach, Fort Lauderdale Beach, Lauderdale By 
the Sea Beach, Pompano Beach and Delray Beach. 

 

 

 
Figure 3. Five South Florida beaches served as the study beaches.
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Three of these beaches are protected by lifeguards including 
Fort Lauderdale Beach, Pompano Beach and Delray Beach. The 
two unguarded beaches are John U. Lloyd Beach and 
Lauderdale By the Sea Beach. These two beaches have history 
of several fatal rip current drowning events every year. Despite 
public pressure, these beaches remain unguarded. 

The beaches within the study area are characterized as micro 
tidal beaches with a preponderance of fine to moderate sand 
grains that are quickly placed into suspension during periods of 
heavy surf. Beach width on these five beaches varies between 25 
meters to over 100 meters. On Pompano Beach and Lauderdale 
By the Sea Beach, there are fishing piers extending 
approximately 100 meters into the ocean. At the south End of 
Fort Lauderdale Beach and at the north end of Pompano Beach, 
the beach is disrupted by inlets leading to the inter coastal 
waterway. Delray Beach and John U. Lloyd Park Beach are the 
subject of recent sand nourishment projects where sand was 
hydraulically dredged from offshore barrow pits. 

Due to the influence of the Gulfstream, during the majority of 
time, there is a moderate to strong littoral current moving south 
to north. The velocity of this current significantly increases 
during the winter months and often reflects rip current channels 
in a northerly direction. In rare cases, eddies form along the 
marginal edge of the Gulfstream causing the current to 
temporarily reverse its direction. 

 

 

 
Figure 4. Unmanned drone aircraft helping to identify rip currents. 

 
 

 

 
Figure 5. Hach ratio turbidimenter. 

 

METHODS 
Rip currents were identified with the help of experienced 

lifeguards and surfers. In some cases, rip currents were located 
with the help of current dyes and the Broward County Sheriffs’ 
helicopter that was flown with an experienced spotter on board. 
On one occasion, an unmanned drone aircraft was used to help 
identify rip currents on Fort Lauderdale Beach (Figure 4). 

In most cases, it was necessary to swim in the water to 
confirm the presence and to estimate relative strength of a rip 
current. Once confirmed, surface water samples were taken at 
two stations located 10 and 20 meters from shore. At each 
station, water samples were taken using a Nansen bottle directly 
within the estimated center of rip current channel and taken at 
the same two stations but outside the channel located 
immediately north and south. Water samples were maintained 
according to recommended Army Corps sampling procedures 
for dredging water quality testing. A Hach ratio turbidimenter 
was used to test each sample for turbidity (Figure 5). 

Determine the turbidity values required to eyeball rip currents 
from the beach was problematic and challenge of this 
investigation. This challenge was accomplished three different 
methods. 

 
Turbidity Plumes from Dredging 

During Phase I and II of the Delray Beach sand nourishment 
project, turbidity plumes resulting from off shore hydraulic 
dredging were studied (Figure 6). When a plume was observed, 
turbidity values were determined for the plume and at a station 
located 100 meters upstream from the plume. The difference in 
values permitted determining a NTU base line value needed to 
observe a turbidity plume and a discoloration in the water. 

 
Turbidity via Experimentation 

Turbidity was artificially created in two 10-gallion aquarium 
tanks by agitating the water allowing fines to go into suspension. 
When the water was first observed becoming murky, water 
samples were analyzed with the aid of a Hach ratio turbidimeter. 
The values obtain during this experiment were then compared 
with the values obtain from the dredge plume. 
 

 

 
Figure 6. Off shore dredging. 
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Turbidity Index Standard 
Several turbidity standards are available to visualize resulting 
turbidity at specific NTU levels. For the purpose of this study, 
two standards were used to validate the values obtained from the 
experiment and dredge turbidity plumes (Figure 7 and 8). 

 
RESULTS 

During the 2-year year survey, a total of 177 rip currents were 
studied. Approximately 130 (73%) were “flash rips” while the 
remainder were longer lived, fixed rip currents. The NTU value 
over the background value necessary to observe murky water 
and necessary to observe a rip current was estimated using the 
three methods described above was 50 NTUs plus or minus 10 
NTUs. 

A total of 15 (11%) of the flash rips had values exceeding 50 
NTU’s or greater than this threshold value needed to observe rip 
currents (Figure 9). None of the fixed rip currents had values 
that allowed a rip currents to be observed from the beach and 
none of the semi- or permanent rip currents had values 
exceeding the threshold value of 50 NTUs. 

Five (3%) of the 177 had observable debris or floam floating 
in the area commonly referred to as the neck and floating in a 
direction away from the beach. However, in approximately 48 
percent of the flash rips, the foam created breaking waves that 
were moving seaward and away from the beach suggesting 
presence of a rip current. However, wave foam in all cases was 
ephemeral and quickly disappeared making the continued 
presence of a rip current uncertain. 

Five (3%) of the 177 had observable debris or floam floating 
in the area commonly referred to as the neck and floating in a 
direction away from the beach. However, in approximately 48 
percent of the flash rips, the foam created breaking waves that 
were moving seaward and away from the beach suggesting 
presence of a rip current. However, wave foam in all cases was 
ephemeral and quickly disappeared making the continued 
presence of a rip current uncertain. 

 

 

 
Figure 7. Experiment.

 
 

 

 
Figure 8. Turbidity of suspended clay. 

 

 

 
Figure 9. Relative percentage of flash versus fixed rip currents on the 
five beaches investigated. 

 
 

DISCUSSION 
Results of this study support Fletemeyer’s and Leatherman’s 

statement that it is often not possible for a bather to observe rip 
currents while standing on the beach using the three criteria 
commonly recommended in education and warning programs. 
The only criteria allowing rip currents to be observed in this 
investigation was sea foam created by breaking waves. However, 
because of the ephemeral nature of sea foam, this cannot be 
considered a reliable method to spot rip currents and therefore, 
this should not be recommended in public education programs, 
at least not those located in southeast Florida where this study 
was conducted. 

Caution is needed when considering these findings because it 
is not known if they apply to other beaches located in other areas. 
Having observed rip currents on beaches located in other parts 
of the world, I suspect that they do not apply. For example, 
when rip currents were observed in Sydney, Australia and on the 
Cape of Good Hope, South Africa, well define turbidity plumes 
were observed from the beach that were responsible for defining 
the rip current’s channel. Similarly, murky water associated with 
fixed rip currents commonly occur on beaches in southern and 
northern California.  

Despite the importance of being precautionary when applying 
these findings to other areas, it is obvious that there is a critical 
need to re-evaluate rip current education and warning programs 
on Florida Beaches. Clearly, members of the public cannot be 
expected to observe rip current using turbidity and debris 
moving seaward as the primary indicators. In addition, warning 
signs directing bathers to swim parallel to the beach in either 
direction to escape a rip current may be bad advice because in 
many cases, there is a strong littoral current immediate offshore. 
On southeast Florida Beaches, a littoral current using flows in a 
northerly direction. If a bather inadvertently swims against a 
littoral current while attempting to swim parallel to shore, there 
is a possibility that the bather could get caught again in the rip 
current and consequently becoming the subject of a fatal 
drowning event. 

These findings suggest the need for new education programs 
and to change conventional thinking about how to spot rip 
currents while standing on the beach. There should be a general 
warning that during rough or moderate surf conditions to 
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ALWAYS expect rip currents. In addition, further emphasis 
must be placed on the importance of always swimming near a 
lifeguard no matter what the water conditions are. Advisories on 
Florida beaches and perhaps some other beaches instructing the 
public how to spot rip currents should be eliminated. 
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ABSTRACT 
 
Ishikawa, T.; Komine, T.; Aoki, S.I., and Okabe, T., 2014. Characteristics of rip current drowning on the shores of 
Japan. In: Lee, J.L.; Leatherman, Stephen P., and Lee, J. (eds.), Proceedings 3rd International Rip Current 
Symposium (Busan, Republic of Korea). Journal of Coastal Research, Special Issue, No. 72, pp. 44-49. Coconut 
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The characteristics of rip current drowning on the shores of Japan was investigated using the analysis of the 
lifesaver’s rescue reports of 2013 and field observations of some beaches. Although the necessary rescue equipment 
and the water safety information such as signboards were mostly prepared, a large amount of rip current drowning 
occurred. On most re-occurring rip current drowning beaches, there are permanent rips and fixed rips associated with 
the characteristic of topography and the coastal structures at most beaches under the relatively high wave condition. 
Especially, in the case lifesavers cannot determine the swimming areas, swimming areas are generally determined by 
the local regulations from local governments and shop owners on most beaches. The most important outbreak factor 
regarding the rip current drowning is the human factor such as the management problems and coastal structures, 
which was concluded. 
 
ADDITIONAL INDEX WORDS: Rip current drowning, rescue reports, field observations, management problems, 
coastal structures. 
 

 
INTRODUCTION 

In Japan, approximately 4,000 volunteer lifesavers patrol at 
180 beaches during the summer season. Also, the regional 
lifesaving clubs have been making the patrol logs, first aid 
reports, rescue reports and the resuscitation reports at each beach 
since 1998. In these reports, the detailed data regarding 
accidents on beaches are described. Figure 1 shows the annual 
frequency of the preventive action and the emergency care. The 
preventive action is the measure of moving the potential 
drowning victims from high risk areas to safe areas including the 
rescue of conscious victims. Also, the emergency care is the 
rescue of unconscious victims. The number of victims fluctuate 
year to year, also the number of victims in the preventive action 
and the emergency care were approximately 1,900 and 14 
respectively. According to an analysis of rescue reports, many 
cases of drowning related accidents are caused by the rip 
currents. Figure 2 shows outbreak factors of drowning including 
near-drowning from 2003 to 2013. In 2012, we could not get the 
data due to a revised report. Also, in 2013, victims increased, 
this is because a larger number of rescue reports were collected 
than any other year. Clearly, a lot of drowning occurred due to 
the rip currents. The average number of the rip current drowning 
victims including the fatalities and survivors in one year was 
approximately 300 victims starting from 2003 to 2011 (Ishikawa, 
2013). Also, the ratio of rip current drowning accidents was at 
45% from 2003 to 2013. Although all victims of the rip currents 
were rescued by lifesavers, a decrease in the number of rip 

 
current victims is essential. However, this factor had not been 
clarified until now. In this study, we studied the characteristics 
of rip current drowning on the shores of Japan using the analysis 
of the lifesaver’s rescue reports and field observations including  
hearing directly from lifesavers about each of their beaches. 

 

 

 
Figure 1. Frequency of the preventive action and the emergency care 
based on lifesaver rescue-reports. 

 
 

BEACH DISTRIBUTION OF RIP CURRENT 
DROWNING ACCIDENTS 

At first, the distribution of beaches with over 10 rip current 
drowning accidents according to the preventive action and the 
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emergency care were studied based on the rescue reports in 2013. 
As a result, over 10 accidents occurred at each of the 16 beaches 
in 2013. Also, almost all the beaches are facing the Pacific 
Ocean, as shown in Figure 3. Generally, the strong rip current is 
associated with the high wave condition and large tidal action. 
Figure 4 shows the wave and tide conditions during the summer 
season in 2013 which were observed in each of the 7 sites in 
Figure 3. Wave height on these beaches facing the Pacific Ocean 
is relatively high compared with that of the west coast, as shown 
in Figure 4. Also, tidal range on these beaches facing the Pacific 
Ocean is relatively large compared with that of the west coast, as 
shown in Figure 4. Furthermore, the necessary rescue equipment 
was mostly prepared, and the water safety information such as 
signboards were provided at these beaches. 

 

 

 
Figure 2. Outbreak factors of drowning accidents based on lifesaver 
rescue-reports. 

 
 

 

 
Figure 3. Distribution of beaches with many rip current drowning 
accidents. 

 
 
However, many rip current drowning accidents chronically 
occurred at some of these beaches. Therefore, we studied the 
outbreak factors of the rip current drowning on some of these 
beaches using field observations. 

 

 
Figure 4. Distribution of wave and tide conditions during the summer 
season in 2013 (locations of the 7 sites shown in Figure 3). 

 
 

 

 
Figure 5. Beach A with highest number of rip current drowning 
accidents which totaled 340.

 
 

ACTUAL CONDITIONS OF RE-OCCURRING RIP 
CURRENT DROWNING 

We studied the characteristics of five beaches (beach A, B, C, 
E and F) which have had over 40 rip current drowning accidents 
using field observations, as shown in Figure 3. 
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Beach A with the Highest Number of Rip Current Accidents 
Figure 5 shows beach A with the highest number of rip 

current accidents which totaled 340 in 2013. This beach has a 
1,000 m long swimming area with a foreshore zone that has a 
gentle slope of 1/60 composed mainly of fine sand. At this beach, 
there are three fixed rip currents in this swimming area. 
Swimmers are quickly pulled away from near shore to offshore 
by these rip currents. Regarding the characteristics of this beach, 
the swimming area is relatively large, and there are a large 
amount of beach users who total up to approximately 70,000 
people per day compared to total of 26 lifesavers per day, as 
shown in Figure 6. The number of beach users in ratio to the 
number of lifesavers is high. One lifesaver has to watch up to as 
many as 2,700 beach users. Furthermore, regarding another 
characteristic, a specific rip current occurs at the west side of 
this swimming area. A temporary jetty like this border of the 
swimming area was constructed only during the summer season, 
as shown in Figure 7. As a result, the fixed rip is usually created 
along this temporary jetty during high tide. On the other hand, 
temporary beach bars and shops are built on the beach during 
summer season in Japan, as shown in Figures 6 and 7. The long 
lasting custom of these temporary structures consist of local 
regulations by local governments and shop owners. Also, these 
cannot be moved due to local regulations. In addition, the 
swimming areas are determined regarding the convenience to 
these beach bars and shops on most beaches. 
 

 

 
Figure 6. The beach situation during the summer season on  beach A. 

 
 

 
Figure 7. The construction of temporary jetty on the west end of 
swimming area on beach A. 

 

Beach B with the Next Highest Number of Rip Current 
Accidents 

Figure 8 shows beach B with the next highest number of rip 
current accidents which totaled 202. This beach has a 260 m 
long swimming area with a foreshore zone which consists of a 
slope of 1/50 composed mainly of medium-sized sand. 
Regarding the characteristics of this beach, although this beach 
is in an open area, there is one permanent rip in this swimming 
area. The logical measure is to shift the swimming area 
according to this permanent rip. However, this is impossible due 
to temporary beach bars and shops which are strategically built 
in back of this swimming area. Lifesavers cannot determine the 
swimming areas, the swimming areas are determined on an 
economical basis, not a safety-conscious basis. 
 
Beach C with the 3rd Highest Number of Rip Current 
Accidents 

Figure 9 shows beach C with the 3rd highest number of rip 
current accidents which totaled 150 in 2013. This beach is 
located adjacent to the fishing port. Also, there are two detached 
breakwaters in the offshore zone, and the foreshore zone has a 
gentle slope of 1/80 composed of medium-sized and fine sand. 
Regarding the characteristics of this beach, although the 
swimming area is determined in order to avoid dangerous points 
due to permanent rips, many permanent rips and fixed rips are 
established by coastal structures such as a fishing port and 
detached breakwaters.  

 

 

 
Figure 8. Beach B with the next highest number of rip current drowning 
accidents which totaled 202. 

 
 

 
Figure 9. Beach C with the 3rd highest number of rip current drowning 
accidents which totaled 150. 
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Figure 10 shows another similar case, which has beach K with 
the 11th highest number of rip current drowning which totaled 
20 in 2013. This beach has a 500 m long swimming area with a 
foreshore zone that has a gentle slope of 1/80 composed of 
medium-sized and fine sand. In this case, many permanent rips 
are established by coastal structures such as a fishing port and 
detached breakwaters. The steady rip current around 0.25 m/s 
generated along a breakwater under calm sea conditions yielded 
a dangerous situation to beach users as observed in various field 
measurements (Ishikawa, 2013). Most beach users judge the 
condition of the sea from wave conditions that are confirmed 
visually. In addition, lifesavers cannot determine the swimming 
area due to beach bars and shops. To prevent the rip current 
accidents around the coastal structures, coastal protection 
considering safety shore use is strongly suggested. However, the 
trade-off between the coastal protection and the shore use is a 
difficult problem in most cases. 

 

 

 
Figure 10. Beach K with the 11th highest number of rip current 
drowning accidents which totaled 20. 

 
 

 

 
Figure 11. Beach E with the 5th highest number of rip current drowning 
accidents which totaled 76. 

 
 
Beach E with the 5th Highest Number of Rip Current 
Accidents 

Figure 11 shows beach E with the 5th highest number of rip 
current accidents which totaled 76 in 2013. This beach has a 
1,200 m long swimming area with a foreshore zone that has a 
gentle slope of 1/70 composed of medium-sized and fine sand. 
Regarding the characteristics of this beach, the swimming area is 

relatively large, and the number of beach users in ratio to the 
number of lifesavers is high similar to the highest beach. In 
addition, a permanent rip is established in front of the river 
mouth. However, this area is not a swimming area. Furthermore, 
there are some fixed rips in the area. These are associated with 
the characteristic of topography such as a pocket beach located 
between the cape and the reclamation. There are many similar 
beaches in Japan, another example is beach G which is the beach 
with the 7th highest number of rip current accidents. 

 
Beach F with the 6th Highest Number of Rip Current 
Accidents 

Figure 12 shows beach F with the 6th highest number of rip 
current accidents which totaled 48 in 2013. This beach has a 400  
m long swimming area with a foreshore zone that has a slope of 
1/70 composed mainly of medium-sized sand. On this beach, 
flash rips are generated by wave conditions in the swimming 
area in front of temporary beach bars and shops. Also, lifesavers 
cannot determine the swimming area due to beach bars and 
shops, and the number of beach users in ratio to the number of 
lifesavers is high similar to the other beaches. 
 
Results of Characteristics of Beaches with Many Rip 
Current Drowning Accidents 

Table 1 shows the results of the selected beaches of this study. 
The rip current drowning including near-drowning is caused by 
complex interactions between some factors. Most beaches are 
along the Pacific Ocean, therefore, the wave height is relatively 
high, and the tidal range is large during the summer season 
compared with that of the west coast of Japan. Also, there are 
some coastal structures such as the temporary jetty, the fishing 
port, the detached breakwater, etc. on some beaches. The rip 
currents chronically occur around coastal structures. In addition, 
there are few number of lifesavers in ratio to a large number of 
beach users. As a primary point, swimming areas are generally 
determined by the local regulations from local governments and 
shop owners. On the other hand, on the beaches without any 
beach bars and shops, rip current drowning accidents did not 
occur in 2013. This is because the lifesavers had the control to 
determine the swimming area according to the beach condition 
such as the permanent rips and fixed rips in the swimming area, 
as confirmed based on the rescue report. 

 

 

 
Figure 12. Beach F with the 6th highest number of rip current drowning 
accidents which totaled 48.
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DISCUSSION 
We considered that the causes of the rip current drowning 

including near-drowning on the shores of Japan can be classified 
into three outbreak factors. The first factor is the wave and tidal 
condition. These are generally accepted factors regarding the rip 
current generation. Also, the second factor are the beach 
management problems. Lifesavers cannot determine the 
swimming area, this area is generally determined by the local 
regulations from local governments and beach bar and shop 
owners on most beaches. In addition, there was a high number 
of beach users in ratio to the number of lifesavers at some 
beaches. The third factor is the coastal structures. There are 
permanent rips and fixed rips associated with the characteristic 
of topography and the coastal structures including the temporary 
jetty on beach A. There are many coastal structures like this in 
Japan. These strongly imply that rip current drowning occurs 
due to human factors. As a measure against the human factors, 
the local government, beach bar and shop owners and engineers 
have to strongly understand the potential risks including the rip 
current of each beach. Furthermore, clarification of the potential 
risks of each beach is effective for beach users including 
children. 

 
CONCLUSIONS 

As a result of our study regarding the characteristics of rip 
current drowning in Japan, we would like to conclude as 
follows:  

Many drowning accidents occurred due to the rip currents in 
Japan. The average number of the rip current drowning victims 
including the fatalities and survivors in one year was 
approximately 300 starting from 2003 to 2011. Also, the ratio of 
rip current drowning was at 45% from 2003 to 2013. 

Over 10 rip current accidents occurred at 16 beaches in 2013. 
Although the necessary rescue equipment and the water safety 
information such as signboards were mostly prepared, many rip 
current drowning accidents chronically occurred at these 
beaches. 

Most re-occurring rip current drowning beaches were facing 
the Pacific Ocean, wave height was relatively high, and the tidal 
range was large during the summer season.  

The studied beaches with over 40 rip current accidents had a 
gentle slope composed of fine and medium sized sand on the 
foreshore zone based on field observations. Also, there were 
permanent rips and fixed rips associated with the characteristics 
of topography and the coastal structures such as the temporarily 
jetty, the fishing port, the detached breakwater, etc.  

According to the beach management problems, lifesavers 
cannot determine the swimming areas, swimming areas are 
generally determined by the local regulations from local 
governments and beach bar and shop owners. Also, there was a 
high number of beach users in ratio to the number of lifesavers 
at some beaches. The most important outbreak factor regarding 
the rip current drowning on the shores of Japan is the human 

Table 1. Characteristics of beaches with many rip current drowning accidents. 
 

Beach 
Rip current 
drowning 
accidents 

Maximum 
beach users / 
lifesavers (per 

day) 

Beach Types, Coastal Structures 
Swimming area L (m), 

Foreshore Slope, 
Rate of Fine and Medium sized sand 

Rip Current, 
Wave & Tidal Conditions 

Beach management 

A 340 
70,200 

/ 26 

Sandy Beach, River mouth 

Temporary Jetty, Port 

L=1,000 m 

1/60, S:M = 8:2 

1 permanent rip 

3 fixed rips 

High Waves* 

Large tidal range 

Fixed swimming area 
Wide swim area 

Few lifesavers 

B 202 
7,500 

/ 16 

Sandy Beach 

L=250 m 

1/50, S:M = 3:7 

1 permanent rip 

High Waves 

Large tidal range 

Fixed swimming area 

C 150 
7,315 

/ 20 

Sandy Beach 

Detached Breakwaters, Port 

L=500 m 

1/80, S:M = 5:5 

5 permanent rips 

2 fixed rip 

High Waves  

Large tidal range 

Adjusted swimming area 

(Avoid dangerous points) 

E 76 
50,000 

/ 13 

Sandy Beach (Pocket Beach), River mouth 

Reclamation 

L =1,200 m 

1/70, S:M = 5:5 

1 permanent rip 

3 fixed rips 

High Waves* 

Large tidal range 

Fixed swimming area 

Wide swim area 

Few lifesavers 

F 48 
25,000 

/ 18 

Sandy Beach 

L=400 m 

1/70, S:M = 9:1 

Flash rips 

High Waves 

Large tidal range 

Fixed swimming area 

Few lifesavers 

* Wave height is slightly smaller than the high waves of Beach B, C and F. 
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factor such as the beach management problems and coastal 
structures. 
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ABSTRACT 
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The purpose of this research is to provide a better understanding of the physical and social aspects of rip currents in 
ocean areas that will lead to better forecasts, better governmental policies in beach areas, and ultimately to save lives. 
The primary factors associated with rip current formation on beaches are variations in the local beach bathymetry, 
wind-generated waves of significant wave height typically 1 m or higher, and lower tidal stages. The methodology 
followed for this study included a review of demographics from over 500 rip current drowning reports along the 
Atlantic Ocean, Pacific Ocean and Gulf of Mexico coasts of the United States. This research indicated that tourists 
are often the victims and rescuers often become the victims. For each state or sub-state area where rip current 
drownings are prevalent, an analysis of social aspects and associated ocean and weather patterns was conducted 
using buoy and tide data and composite weather patterns. It is important to understand the evolution of these fatal 
events with respect to the trends of wave height, period, and pressure patterns and resulting surface wind fields that 
produce the waves. 
 
ADDITIONAL INDEX WORDS: Waves, rip current, wave buoy, significant wave height, beach safety. 
 

 
INTRODUCTION 

Overview  
Much of the rip current research has focused on direct 

measurements of currents within the nearshore waters (or littoral 
zone), wave tank modeling, or numerical simulations. This study 
has a broader approach comparing the physical and social 
aspects associated with over 500 rip current deaths from 1994-
2012. 
 

Methods 
 The goal of this research was to determine the physical and 

social aspects of rip current deaths through the following steps. 
  1. Identify and map locations of rip current deaths. Rip current 
fatality reports from 1994-2012 were gathered from Storm 
Events (NCDC, 2013). Then determine chronological aspects 
such as time of year, day of the week, holidays, time of day, 
commonalities in demographics of victims such as sex, age, and 
common behavioral characteristics. This is the official data base 
derived from emergency manager, law enforcement, and media 
reports. The drawbacks are varying record lengths, sometimes 
vague geographical location and descriptive sections that lack 
detail. 
2. Identify the beach characteristics at drowning locations, and  

 
 
where known, find data associated with beach slope, bathymetry, 
and any other prominent features such as rocks and reefs. Beach 
aerial images depict beach areas at the time taken but do not 
necessarily reflect the beach areas around the time of the deaths. 
The beaches could be quite different based on renourishment 
projects, the building or removal of structures, and the frequency 
of major storms which could impact the local bathymetry. 
3. Identify the daily spatial surface wind velocity (ms-1) and sea 

level pressure (SLP) patterns (hPa) leading to rip current 
drownings using mean data composites from the day of the 
event to 4 days prior which were generated using NCEP/NCAR 
Reanalysis data (Kalnay et al., 1996) through the Earth System 
Research Laboratory (ESRL, 2013) website. The plots provide a 
reference of consistent patterns associated with rip current days 
over an area. The temporally and spatially averaged winds show 
the generation regions of ocean waves that create the hazardous 
conditions, but because of the averaging, are typically lower 
than the actual events. Events that are driven by typically 
smaller tropical cyclones show less consistency and weaker 
patterns. Those events are often better viewed on a case by case 
basis. 
4. Identify and analyze wave trends using data retrieved from 

NOAA’s National Data Buoy Center near the location of rip 
current deaths. Nearshore buoys with long term records were not 
available for all areas. For consistency, the buoys used were in 
deep water areas to encompass incoming swells for a broader 
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area and to negate local effects such as island swell blocking. 
The buoys were selected by length of record, location, and data 
availability. The significant wave height (SWH), dominant wave 
period (DPD), and average wave period (APD) were analyzed. 
5. Tide predictions were used to determine tide phase within 6 

hours of drowning times using NOAA historical tide data 
predictions available through the Center for Operational 
Oceanographic Products and Services (CO-OPS, 2013). 
6. Perform descriptive statistical analyses on the buoy data. 

 

 

 
Figure 1. Map of number of fatalities and research locations. 

 
 
Research Area 

Rip current reporting methodology varied greatly between 
National Weather Service (NWS) Forecast Offices with some 
locations only reporting rip currents since 2007, others from the 
mid 1990’s and some with no reports. Geographical plots of 
fatality locations showed some natural clustering in locations; 
therefore areas were selected for study with consistent rip 
current records that typically encompass ten years or more. The 
areas examined were: California, Texas, Alabama, Florida, 
South Carolina, North Carolina, New Jersey, and New York 
(Figure 1). Florida was divided into four regions: panhandle, 
southwest, southeast, and east. Although rip related current 
deaths have been reported in Hawaii and the Great Lakes region, 
only an overview of the deaths was completed. 
 

FINDINGS 
From the Storm Events (NCDC, 2013) data, 519 people died 

in the ocean waters of the contiguous United States during the 
period of record ending in 2012. The state with the most rip 
current fatalities was Florida with 277 deaths, then California 
(47) and North Carolina (42). New York had 31 drownings, 
New Jersey 30 and the narrow sliver of coastline in Alabama 
had 29 deaths (Figure 1). The Florida panhandle had 102 deaths, 
southwest Florida (19), the southeast coast, where most 
incoming swells, except north swells, are blocked by the islands 
of the Bahamas (83), and the east coast area that runs from Vero 
Beach north to the Florida border (74). 
 
Social Aspects 

As expected the most rip current drownings occur during the 
summer months when waters are warmer (Figure 2). Many 
people drown on major summer holiday weekends (Memorial 

Day, Fourth of July, and Labor Day). More people drown 
around the weekend, with Sunday being the most prevalent day. 
Drownings during the months of November, December, January, 
and February were all in either California or Florida. During 
March most of the drownings (15) were in Florida but 7 
occurred in California and interestingly another 4 occurred in 
the chilly waters of Oregon. In Southeast Florida, some warm 
months have fewer victims than other months possibly because 
of lower beach attendance and fewer days with hazardous rip 
currents? The most prevalent time of rip current drownings is 
during the mid-afternoon, but some occur during the morning, 
and some late at night. This is important because in the absence 
of stronger ambient flow, an onshore sea breeze will dominate 
during the afternoon. 
 

 

 
Figure 2. Number of drowning per month in U. S. coastal areas. 

 
 
Table 1. Number of rip current deaths by age. 
 

Age Number 
Younger than 10 11  

10-19 133  
20-29 105  
30-39 71  
40-49 87  
50-59 68  
60-69 40  
70-79 18  
80-89 1  

 
Of those whose genders were known, 445 were males (87%) 

and 58 were females (13%). The youngest was 3 years old and 
the oldest was 85. The average age was 34.7, the median 32, and 
the mode 18. The age breakdown (Table 1) shows 11 children 
below the age of 10, 133 from 10 to 19 years old, 105 in their 20 
s, 71 in their 30 s, 87 in the 40 s, 68 in their 50 s, 40 in their 60 s, 
18 in their 70 s, and one in the 80 s. Teenagers, by far, make up 
the largest decadal age group of rip current drowning victims. 
Another 40 people died in the Great Lakes in Michigan, Illinois, 
and Indiana of which 12% of the known sexes were females. 
The average age for Great Lakes drownings was lower at 26.6. 

Out of the 519 deaths noted, 126 or 24% were listed as 
tourists but the number is likely much higher. The reports also 
indicated that 9% of the drownings were associated with tropical 
cyclone swells. Sadly 11% of the drownings, and possibly more, 
were people who dashed, poorly prepared, into the water to 
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rescue someone struggling in the water and became victims 
themselves. It is unknown from Storm Events (2013) how many 
successful recues were made but the United States Lifesaving 
Association (USLA, 2012) data indicate that over 32,000 rip 
current rescues were made by lifeguards during 2011. 
 
Table 2. Rip current drowning frequency per year by state. 

 

State Number 
of Deaths 

Years 
of Record 

Deaths 
 per Year 

Florida Panhandle 102 19 5.37 
Florida Southeast 83 18 4.61 

Texas 22 5 4.40 
Florida East 74 19 3.89 
California 47 17 2.76 

North Carolina 42 18 2.33 
South Carolina 22 10 2.20 

New York 31 15 2.07 
New Jersey 30 18 1.67 

Alabama 29 18 1.61 
Florida Southwest 19 17 1.12 

 
The age groups that are more likely to drown vary by region. 

Teenagers (10-19 years old) are in the most prevalent age group 
to die in California, East Florida, New Jersey and New York. 
New York had the youngest average age of victims at 23 years 
of age (Table 2). In Southwest Florida and Southeast Florida, the 
average age is over 40. The oldest average age is along the 
southeast coast of Florida at 44. Although the total numbers are 
lower, the most prevalent age group of victims in Southwest 
Florida is 60-69 years old. 
 
Deadliest U.S. Beaches 

The periods of record varied from state to state and within the 
different areas of some states. Therefore, to gain a better 
understanding, the frequency by year of rip current deaths was 
determined for each state. Table 3 shows the number of deaths 
per state, the period of record and the number of deaths per year. 
Three of the top four locations were in Florida with four or more 
deaths per year. With only five years of data, Texas fell into 
third place. California averages nearly three deaths per year. 
Predominant easterly flow across the beaches and very few 
swells from storms makes Southwest Florida the safest location 
for beachgoers averaging about one death per year. 
Although the physical length of named beach areas varies, the 

top four deadliest beach areas were in Florida (Table 4); 
particularly in the Florida Panhandle (Pensacola and Panama 
City beaches) and along the southeast coast (Miami and Ft 
Lauderdale beaches). The next three were outside of Florida in 
Gulf Shores Alabama, South Padre Island Texas, and Myrtle 
Beach South Carolina. Myrtle Beach was the farthest north 
location in the top ten deadliest beach areas in the U.S. The last 
three beach areas in the top ten were in Florida on the east coast 
at Daytona Beach and in the Florida Panhandle at Miramar and 
Navarre beaches. 

Typical wave measurements from offshore deep water buoys 
are analyzed to calculate the SWH, DPD, and APD. Many 
factors are important including the location of the buoy in 
relation to beach areas and the bathymetry, particularly the 
length and depth of the continental shelf and the beach area 

itself including sandbar structure and manmade structures. It is 
not possible to attribute any single wave measurement to a 
particular rip current incident. Furthermore, the SWH is the 
average of the one-third highest wave which means that the 
highest waves may be higher than the SWH by a factor of two. 
 

Table 3. Deadliest beach areas. 
 

Rank 
 

Beach Area St. Dth Dth 
/yr 

Bch 
Len 
(km) 

Dth / 
km 

Dth /yr 
/km 

1 Pensacola  FL 28 1.65 29 0.97 0.057 

2 
Panama 
City  

FL 23 1.21 30 0.77 0.040 

3 Miami  FL 20 1.05 19 1.05 0.055 

4 
Ft. 
Lauderdale  

FL 17 0.89 10 1.70 0.089 

5 Gulf Shores AL 17 0.89 16 1.06 0.056 

6 
South Padre 
Island 

TX 13 1.86 16 0.81 0.116 

7 Myrtle SC 13 1.30 19 0.68 0.068 

8 Daytona  FL 12 0.63 11 1.09 0.057 

9 Miramar  FL 11 0.58 8 1.38 0.072 

10 Navarre  FL 10 0.53 16 0.63 0.033 

 
PHYSICAL ASPECTS 

 
Wave Characteristics 

No significant relationships were found using a regression 
analysis to compare drownings to wave characteristics. The 
variability of the human element makes the analysis more 
divergent. The descriptive statistical measure for the 24 hours of 
SWH measurements during the days with a fatality are listed in 
Table 5. This shows that the average SWH is typically over 1 m 
on days when people perish from rip currents. The mean SWH 
range from the lowest of 1.06 m in New Jersey to 2.42 m in 
Southern California. The median and the mode are lower from 
the mean in Southwest Florida and the standard deviation is 
higher than any other location, indicating the brief nature of the 
wave activity. This location also has the greatest p value at 0.14. 

The descriptive statistical measures for the 24 hours of DPD 
readings during the days with a fatality (Table 5) shows that 
Southern California stands out with the longest DPD. In the Gulf 
of Mexico, the mean DPD are between 6 and 7 s. In the Atlantic 
Ocean, the mean DPD are in the 7 to 9 s range. The standard 
deviation was over 3 s for Southern California and under 1 s for 
Texas where the DPD vary less on drowning event days. 
Interestingly the minimum DPD reported were just over 5 s for  
Southern California, but 4 s or under elsewhere. The maximum 

DPD reported during the Texas and Alabama days with 
drownings was under 10 s and elsewhere over 11 s. Figure 3 
shows a comparison of average SWH, and APD and DPD, for 
Southwest Florida on days with a fatality and a day with a 
fatality as waves from Tropical Storm Debby subside. 
In addition to the average analysis for each location, the 
maximum SWH and maximum DPD on each of the drowning 
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days were collected and averaged (Table 6). For the Monterey 
California area, the average maximum SWH (5.0 m) and 
average maximum DPD (15.2 s) were much higher than all other 
locations. The wave characteristics for Southern California 
drowning events were also high, with SWH of 2.9 m and DPD 
of 13.9 s. Those numbers are just slightly higher than the long 
term buoy averages during the winter months of 2.5 m and 13 s. 
Within the Gulf of Mexico, the Florida Panhandle and Alabama 
buoys had the highest average maximum SWH, around 2 m but 
the DPD were moderate to low compared to other locations. 
These measurements were higher than the average swell height 
of 0.7 m, but closer to the 6-7 s wave periods that Mollere, 
Watson, and Goree (2001) found in the 18 cases studied. The 
long term average SWH for the Alabama buoy during the 
months that drownings were reported were 1 m or less with 
DPD less than 6 s.   
 

Table 4. Average ages of rip current victims. 

 
Location Average Age 

California 29 
Texas 28 
Alabama 33 
Florida Panhandle 38 
Southwest Florida 41 
Southeast Florida 44 
East Florida 36 
South Carolina 33 
North Carolina 35 
New Jersey 27 
New York 23 

 
Table 5. Average maximum of the SWH, DPD, and APD. 

Buoy Location Buoy 
Number 

Avg Max 
SWH 
(m) 

Avg Max 
DPD (s) 

Avg 
Max 
APD (s) 

N California 46042 5.0 15.2 10.4 
SCalifornia 46047 2.9 13.9 8.5 
Texas 42019 1.8 7.4 5.3 
Alabama 42040 2.0 7.3 5.2 
FLPanhandle 42039 2.1 9.0 5.9 
SW Florida 42036 2.0 7.4 5.4 
SE Florida 41010 1.6 9.0 5.6 
E Florida 41010 1.9 10.0 6.4 
South Carolina 41004 1.8 9.0 5.8 
North Carolina 41025 1.6 10.1 6.4 
New Jersey 44009 1.4 11.1 6.4 
New York 44025 1.5 9.3 6.3 

 
The lowest average maximum SWH of 1.4 m were at the New 

Jersey buoy, but the average DPD was a moderate 11.1 s. The 
long term SWH averages for the New Jersey buoy were lower 
during the months of drownings, and ranged from 1.3 during 
May to 0.8 m in June and July and back up to 1.2 m in 
September. The long term DPD were several seconds lower 
around 8 s. The average maximum SWH for the New York buoy 
was 1.5 m with a DPD of 8.2 s, both of which were slightly 
higher than the long term averages. Southwest Florida, Alabama, 
and Texas buoys had the lowest average maximum DPD. 
Interestingly, the values of SWH and DPD were higher in this 

study than what Engle (2003) found. Engle noted wave heights 
0.45 to 0.85 m resulted in more rescues by lifeguards and that 
fewer people were in larger surf. The difference may be that this 
study looked at fatalities and not rescues. 
 

 

 
Figure 3. Comparison of (a) average SWH, DPD, and APD, for 
Southwest Florida on days with a fatality, (b) a day with a fatality as 
waves from Tropical Storm Debby subsided. 

 
 
Wave Development Areas 

Most of the fatalities occur during the summer when weather 
patterns are weak. The broad scale weather patterns that 
generate the incoming swells at the beach vary with latitude. 
Over the southern areas, it is often the subtle movement and 
intensification of the Atlantic or Pacific subtropical high that 
creates a fetch leading to moderate waves that create stronger rip 
currents. Near the California coast it is the pressure gradient on 
the east side of the subtropical ridge that often sends swells to 
Southern California. In the Gulf of Mexico it is the extension of 
the ridge westward and increasing gradient of the Atlantic 
subtropical high that generates swells. For Florida the gradient 
on the southern side of the subtropical high increases to produce 
higher swells. For northern California and northward along the 
east coast, the patterns indicate more transient areas of low 
pressure. For northern California it is low pressure over the 
North Pacific that produces large swells. For the Eastern 
Seaboard, the wave producers are often tropical and 
extratropical cyclones. 
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Table 6. Descriptive statistical measures for SWH and DPD for days with a fatality. 
 

Significant Wave Height CA 
S 

TX AL FL 
Pan 

FL 
SW 

FL 
E 

SC NC NJ NY 

Mean 2.42 1.46 1.64 1.27 1.35 1.49 1.52 1.22 1.06 1.19 

Standard Error 0.03 0.03 0.03 0.02 0.07 0.03 0.03 0.02 0.02 0.02 
Median 2.33 1.39 1.64 1.10 0.79 1.45 1.38 1.19 0.96 1.16 

Mode 1.37 1.41 1.30 0.89 0.26 1.52 1.11 0.81 1.10 1.02 
Standard Deviation 0.88 0.45 0.63 0.66 1.20 0.59 0.57 0.37 0.52 0.39 

Sample Variance 0.77 0.20 0.39 0.43 1.44 0.35 0.32 0.14 0.27 0.15 
Range 4.61 2.45 2.56 3.77 4.98 3.59 2.83 1.89 3.20 2.01 

Minimum 1.00 0.70 0.37 0.29 0.21 0.48 0.76 0.57 0.38 0.43 

Maximum 5.61 3.15 2.93 4.06 5.19 4.07 3.59 2.46 3.58 2.44 

P value (0.05) 0.07 0.07 0.06 0.05 0.14 0.06 0.06 0.04 0.04 0.04 

 
Dominant Wave Period  CA 

S 
TX AL FL 

Pan 
FL 
SW 

FL 
E 

SC NC NJ NY 

Mean 12.25 6.65 6.79 6.72 6.09 8.34 7.69 8.87 8.77 7.86 

Standard Error 0.13 0.07 0.07 0.06 0.12 0.12 0.09 0.16 0.12 0.09 

Median 12.31 6.67 6.67 6.67 5.88 8.33 7.69 8.33 8.33 7.69 
Mode 14.29 7.14 8.33 7.14 7.14 8.33 8.33 8.33 9.09 7.69 

Standard Deviation 3.39 0.87 1.29 1.53 2.06 2.21 1.65 3.00 2.90 1.82 

Sample Variance 11.52 0.76 1.66 2.33 4.25 4.89 2.71 9.03 8.40 3.30 

Range 14.74 5.24 5.76 11.35 8.55 11.11 8.50 12.67 13.57 10.16 
Minimum 5.26 3.85 3.33 2.94 2.56 3.70 4.00 3.33 3.13 2.74 

Maximum 20.00 9.09 9.09 14.29 11.11 14.81 12.50 16.00 16.70 12.90 
P value (0.05) 0.26 0.13 0.13 0.11 0.24 0.24 0.17 0.31 0.24 0.17 

Tidal Influences 
Tidal plots centered at the time of rip current deaths (Figure 4) 

show the tide is either outgoing or low at every location except 
one. This compares favorably to other more localized studies 
(Brander, 1999; Brander and Short, 2001; Dronen et al., 2002; 
Longuet Higgins and Stewart, 1964; MacMahan, Thornton, and 
Reniers, 2005; McKenzie, 1958; Mollere et al. 2001; Sonu, 
1972). The New York tides at the time of deaths were very 
inconsistent. Both Long Beach and Rockaway Beach where 
most of the deaths occurred have many short rock groins 
extending into the ocean that may enhance rip currents. 
 
Beach Characteristics 

Many factors may influence decisions on beach choices. 
Common features seen in aerial images that may attract people 
to a particular beach included hotels, large parking lots, and 
points of interest, such as piers. Natural features at the beach 
that may affect rip current development and strength are varied. 
Bar gaps or a crescentic beach with transverse bars jutting into 
the water provide channels for rip currents. Deep areas between 
bars can create a hazard if a non-swimmer drifts into that area 
by a rip current. 
 

CONCLUSIONS 
Storm Events (National Climate Data Center, 2013) reports 

are often miscategorized, lacking data, or incorrect in the 
description of the event. A more defined structure and content is 
needed for rip current event reports. More interactive reporting 
between NWS forecasters and USLA officials is also needed. In 
the social science realm, it is important to obtain feedback on 
safety programs, signage, and literature. Fletemeyer and 

Leatherman (2010) indicate that rip currents may not be 
recognized by the general public. 
 

 

 
Figure 4. Averaged tides within 6 hours of each incident and all tide 
records plotted for New Jersey and New York. 

 
 

If caught in a rip current, the safest place to be is at a 
lifeguarded beach or with a personal flotation device, but 
national signage does not mention this. The recommendations 
are valid only if the person is a strong swimmer and does not 
panic. Signage should also indicate that children will be safer in 
the water with an approved flotation device. Flotation devices 
are required for children on boats – why not when they are in 
the ocean? Rescuers becoming victims was documented in 
about 11 percent of the cases but because of incomplete reports, 
this number is likely higher. Since so many would-be rescuers 
that lack rescue training become victims, another addition to 
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signage would be a list of items, such as a plastic cooler, boogie 
board, or similar item that floats, to aid in the rescue of a victim 
in the absence of lifeguards. Beyond life-saving information, 
beach-goers should have tools available such as throw rings to 
perform a rescue in the absence of lifeguards. These are 
required at all public pools in the U.S. and should become a 
fixture on U.S. beaches. 
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ABSTRACT 
 
Choi, J.; Lim, C.H., and Yoon, S.B., 2014. A rip current warning system based on real-time observations for 
Haeundae Beach, Korea. In: Lee, J.L.; Leatherman, Stephen P., and Lee, J. (eds.), Proceedings, 3rd International Rip 
Current Symposium (Busan, Republic of Korea). Journal of Coastal Research, Special Issue, No. 72, pp. 56–62. 
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A real-time rip current warning system was studied to help mitigate against rip current accidents at Haeundae Beach. 
The system produces a real time sequence of index representing the risk and the likelihood of rip current based on the 
real time observations such as waves, currents, and tide. The index is estimated by using the rip current likelihoods 
derived from the results of various numerical simulations with various sea conditions, the parameters of which 
correspond to the observation quantities. The rip current warning system is operated by taking into account the effect 
of wave height, wave period, wave direction, wave spectrum (i.e., frequency-directional spreading), longshore 
currents, and tidal elevation on the rip current likelihood. The real-time wave and tidal observations at the Haeundae 
coast in 2012 were applied to the rip current warning system, and its performances at several real events observed 
from the video cameras were presented and analyzed. 
 
ADDITIONAL INDEX WORDS: Rip current likelihood, index function, numerical simulation. 
 

 
INTRODUCTION 

Every year since 2007, deaths caused by rip currents and 
hundreds of swimmers rescued from rip currents have been 
reported in South Korea, and the scale of damage is tended to 
increase particularly in Haeundae Beach. In fact, the accidents 
and damages due to rip currents are more serious in the U.S. and 
Australia, which have more and larger beaches, than in South 
Korea. Studies (Gensini and Ashley, 2009) described that 
dozens of beach-goers have died every year in the countries 
because of rip currents. However, the governments (i.e, National 
Oceanic and Atmospheric Administration (NOAA)) do not seem 
to employ a sufficiently reliable forecast system for a rip current 
event. Owing to weather change (or global warming), the 
Korean Peninsula is now becoming more subtropical in climate, 
and the number of beach-goers is expected to increase more and 
more. Therefore, studies for the warning system are needed to 
protect against swimming accidents due to rip currents.  

Lushine (1991) proposed LURCS (LUshine Rip Current Scale) 
to estimate the possibility of dangerous rip current based on the 
correlations between rip current accidents and the environmental 
conditions such as wind direction, wind speed, wave height, and 
tidal elevations. The LURCS method evaluates the scales by 
using linear combinations and independent scoring of the 
environmental factors. Lascody (1998), Engle (2003), and 
Schrader (2004) have proposed improvements of the original  
 

 
version of LURCS, respectively. However, Nelko and 
Dalrymple (2008) pointed out the limitations of those methods 
and emphasized the significance of local effect on predicting rip 
currents. Note that the methods fully depend on the prediction of 
the weather and sea conditions.  

 

 
Figure 1. Conceptual flow chart of the real-time rip current warning 
system. 

 
 
To mitigate the damage, Korea Hydrographic and 

Oceanographic Administration (KHOA), the Korean 
government organization in charge of rip current information, 
has constructed and has been operating a rip current monitoring 
and warning system based on real-time observations as a pilot 
basis in Haeundae beach every summer season since 2011. This 
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paper describes how the real-time warning system works, 
introduces the algorithm to predict the rip current likelihood in 
this system, and shows its performance during the rip current 
events of Haeundae beach. The system consists of three main 
parts as shown in Figure 1. The first part is the observation 
system that includes observational buoys, a tidal station, their 
transceivers, and the processors to manage the observational 
data. The second part is the prediction system that produces a 
sequence of rip current warning index evaluated by the relation 
between the rip current likelihoods and the observations. The rip 
current likelihoods were quantified based on a database of 
numerical simulations with various sea scenarios corresponding 
to the possible observations. And, the rip current index function 
was derived from the distributions of the rip current likelihoods. 
The numerical simulations of rip currents at the Haeundae coast 
were conducted by using FUNWAVE which is capable of 
simulating rapid rip currents under random waves with phase-
resolving wave-current interactions in the field situations. The 
third part is the alarm system which supports the rip current risk 
index and level for coast guards through SMS (Short Message 
Service) or web-based service.  

Note that many parts of this paper have been described in the 
papers published in Korean, such as (Choi et al. ,2012; Choi, 
Lim, and Yoon, 2013; Choi, Shin, and Yoon ,2013). Yoon et al. 
(2012) showed the generation mechanism of rip current, which 
depends on the nodal area (i.e., the ends of wave-crests) of 
honeycomb patterned crests of swell waves, at the Haeundae 
coast. Choi, Lim, and Yoon (2013) and Choi, Shin, and Yoon 
(2013) proposed the definition of rip current likelihood and 
showed the distributions of rip current likelihood according to 
the incident wave conditions. Their studies have been performed 
based on the Boussinesq modelling of nearshore currents at 
Haeundae Beach shown in Bae, Yoon, and Choi (2013). 

To check the practicality of its application, the risk indices 
and levels produced by the rip current warning system were 
presented with their video camera images for the real rip-current 
events at Haeundae Beach in 2012.  

 

 
Figure 2. The hydrographical chart presenting the Haeundae coast and 
the locations of a wave buoy, current buoys, and the video cameras for 
monitoring rip currents.

 

OBSERVATION SYSTEM 
 

The efficiency of the real-time rip current warning system is 
very dependent on precise and various observations. In other 
words, the system cannot help having the limitations caused by 
the observations conducted at the Haeundae coast. In addition, 
the observed physical quantities determine the number of 
scenarios for numerical simulations with various input and 
boundary conditions. Figure 2 shows the hydrographical chart 
presenting the Haeundae coast and the locations of a wave buoy, 
current buoys, and video cameras for monitoring rip currents. 
The CCTV (Closed-Circuit Television) video cameras are 
located at Hotel Chosun Beach (CCTV-1), Hotel Gloria Condo 
(CCTV-2), and Hotel Paradise (CCTV-3, 4). The current buoys 
with Acoustic Doppler Current Profiler (ADCP) measure the 
velocity and direction of nearshore current. The wave buoy of 
the Haeundae coast fundamentally measures three orthogonal 
displacements from water surface motions obtained by a precise 
Global Positioning System (GPS) at 2 Hz sampling rate and 
produces wave height, wave period, wave direction and wave 
spectrum. The wave height and the wave period were evaluated 
with a moving frame of 1024 data and the wave direction and 
wave spectrum were evaluated with a moving frame of 2048 
data at every 5 min. The data frames (i.e., the number of data for 
the evaluations) were chosen because their lengths influence the 
reliability of representative wave parameters and the speedy 
detection of an accidental physical phenomenon at the same 
time. It should be mentioned that one of the system's 
vulnerabilities is the distribution of wave directional spectrum, 
since the system uses the correlations of the three quantities 
obtained from the same location. The scenarios for numerical 
simulations were made taking into account the significant wave 
height, the significant wave period, the peak wave direction, the 
frequency spreading and directional spreading of wave spectrum, 
and tidal elevations as the sea boundary conditions. 

 

 
Figure 3. (a) Topography of the Haeundae coast for numerical 
simulations, (b) a vector-plot snapshot of the results for nearshore 
current (Choi et al., 2012), (□: current buoy ○: wave buoy, unit: m, grid: 

the latitudinal and longitudinal lines). 
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PREDICTION SYSTEM 
 

Likelihood of Rip Current 
This section describes how to quantify likelihoods of rip 

current based on the simulation results varied according to the 
sea condition scenarios. The rip current likelihoods support a 
basis of algorithm for the prediction part of the real-time rip 
current warning system. The numerical simulations were 
performed by using various boundary conditions according to 
the scenarios of sea conditions representing the observed 
quantities. Bae, Yoon, and Choi (2013) described the detailed 
description of the numerical simulations. For the simulations, 
FUNWAVE, a nonlinear Boussinesq model was employed since 
it is capable of simulating rapid rip currents with vortex motions 
under random waves with wave-phase interactions. 

 

 
Figure 4. Distributions of rip current likelihood (unit: percent) varied 
according to (a) significant wave height and period of random incident 
waves (γ=3.3 and σθ=10 ◦) with wave direction from south over DL+0m 
for the tidal elevation (Choi, Shin, and Yoon, 2013), (b) tidal elevation 
with a random wave condition Hs=1.0 m and Tp=8.0 s (γ=5.0 and σθ=10 
◦) and wave direction from south (Choi, Shin, and Yoon, 2013), (c) peak 
wave direction of random incident waves with Hs=1.0 m and Tp=8.0 s 
(γ=5.0 and σθ=10 ◦) over DL+0 m for the tidal elevation, (d) spreading 
of frequency and directional spectrum of an incident wave condition, 
Hs=1.0 m, Tp=8.0 s, and wave direction from south over DL+0 m for the 
tidal elevation (Choi et al., 2012).

 
 
For the input conditions of numerical simulation, the wave 

height was varied from 0.5 m to 1.6 m, the wave period was 
varied from 5 s to 12 s, the wave direction was varied from 
S36E to S36W, and the tidal elevation was varied from -0.2 m 
(DL) to 1.3 m (DL). These values were chosen because they are 
the conditions available to swim and to generate rip currents 
during the summer season at the Haeundae coast. In addition, for 
the frequency spreading (γ) of spectrum, 1<γ<10 and for the 
directional spreading (σθ) of spectrum, 0<σθ<30 where γ is a 
coefficient of JONSWAP spectrum and σθ is a coefficient of the 
distribution of Mitsuyasu et al. (1975). Note that the frequency 
spectrum become narrower as γ increases and the directional 
spectrum becomes narrower as σθ decreases. 

Figure 3 shows the topography of the Haeundae coast for the 
numerical simulation (panel (a)) and an example of the 

simulation results presenting the vector plot of the nearshore 
current (panel (b)). The x-y coordinates of the topography was 
transformed from the latitude-longitude coordinates, and was 
rotated 4 degrees in the clockwise direction around an arbitrary 
origin to utilize periodic boundary condition. The spatial grids 
Δx=1.2 m and Δy=1.8 m, and their total numbers are 1551 in the 
x-direction, and 1678 in the y-direction. In a simulation case, the 
likelihood of rip current was defined by the ratio of the time 
period, during which the rip current velocity is larger than the 
threshold velocity, to the total simulation time. For this, the rip 
current velocity was defined as the maximum seaward cross-
shore current velocity in the computational domain, and the 
threshold velocity was defined as an arbitrary velocity regarded 
to overwhelm the resistance of swimmers. 

Examples of the distribution of the rip current likelihood 
quantified according to the sea scenarios are shown in Figure 4. 
Figure 4 shows the distribution of rip current likelihood 
according to wave height and period. The figure presents that as 
incident wave height and period increase, the rip current 
likelihood increases. This can be explained by that the stronger 
gradient of wave energy and flux, which is caused by the larger 
breaking waves with higher wave height and longer wave period, 
can induce the stronger rip currents. Figure 4 shows the 
likelihood distribution according to tidal elevations. The figure 
presents that the rip current likelihood become larger at the 
lower tide, which is generally accompanied by a wider surf zone 
with more non-uniform longshore variations. The distribution of 
rip current likelihood according to wave directions shown in 
Figure 4 presents that as the waves from the south to the beach, 
which are more perpendicular to the shoreline, induce more 
significant rip currents. The swell waves with narrower spectra 
in the frequency and directional domain induce more significant 
rip currents. This is because the swell waves, which are refracted 
over a submerged shoal and are transformed into a few slightly 
different directional waves, tend to induce relatively strong 
longshore variations at the nearshore region with honeycomb 
crest-pattern (Choi et al., 2012). The distributions of rip current 
likelihood qualitatively agree with the general mechanism of rip 
current induced by the breaking waves and represent the local 
characteristics of rip current at the Haeundae coast. 

 
Index Function for Rip Current Likelihood 

The best method to predict the nearshore current by using 
real-time observations is to utilize the real time numerical 
simulations which were conducted by using the real time 
observations as their input conditions. The speedy processing for 
the real-time prediction conflicts with the substantial and 
expensive (i.e., time-consuming) performance of numerical 
simulations despite the extraordinary high computing 
technology. The second option of the real-time prediction is to 
utilize the numerical results extracted from prior computations 
of substantial simulations according to the scenarios including 
all possible sea-conditions. The weak point of this method is a 
large number of case scenarios according to the possible sea-
conditions. In this study, empirical functions were deduced by 
curve fitting of the discrete results of rip current likelihoods 
obtained from the simulations according to the scenarios. In 
addition, the rip current warning index was obtained by 
combining the empirical likelihood functions. The resultant 
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index formula was practically adjusted by using the observations 
of the rip current accidental events. 

The empirical functions deduced by curve fitting of the 
distributions of rip current likelihood (as shown in Figure 4) are 
presented as the followings. Since the larger wave height and 
period induce the higher rip current likelihood, the likelihood 
function becomes zero as the wave height and period become 
zero. As the wave height and period become larger, the 
likelihood function converges to one. Based on the tendency, 
Equation (1) and Equation (2) was chosen for the likelihood 
function of wave height and period, respectively.  

 
     

( )( )[ ] Hd

HHHH cHba)H(f -+= tanh1            (1) 

 
     

where H is the wave height and, fH(H) is the function ranged 
from 0 to 1 for the rip current likelihood according to the wave 
height. The coefficients are aH=0.24, bH=2.2, cH=0.55, dH=2.0, 
which were chosen to fit the function to the tendency of the 
computational data by the iterative method.  
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where T is the wave period, fT(T) is the function ranged from 0 
to 1 for rip current likelihood according to the wave period, and 
the coefficients are aT=0.90, bT=0.57, cT=5.3, dT=0.6. Equation 
(3) is the rip current likelihood function according to the tidal 
elevation, which is one at the low tide and becomes zero as the 
tide elevation increases. 
 

     

( )[ ] Ed
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where E is the tidal elevation, fE(E) is the function ranged from 0 
to 1 for rip current likelihood according to the tidal elevation, 
and the coefficients are aE=0.82, bE=2.16, cE=0.3. Equation (4) 
is the rip current likelihood function according to the wave 
direction, which is one at zero degree (i.e., direction from the 
south) which is perpendicular to the shoreline, and become zero 
as the wave incidence becomes more oblique.  
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where θ is the wave direction, fθ (θ) is the function ranged from 

0 to 1 for rip current likelihood according to the wave direction, 

and the coefficients are aθ=0.8, bθ=0.08, cθ=18.8, dθ=0.25. 

Equation (5) is the rip current likelihood function according to 
the velocity of nearshore current measured at the front of 
Nurimaru and Mipho port shown in Figure 3. The nearshore 
currents become stronger with the larger waves which induce 
the higher rip current likelihood. The likelihood function 
becomes zero as the magnitude of nearshore currents becomes 
zero, and the likelihood function converges to one as the 
nearshore current becomes stronger. 
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VVVV cVba)V(f -+= tanh1                     (5) 
 

where V is the magnitude of nearshore current, and fV(V) is the 
function ranged from 0 to 1 for rip current likelihood according 
to the nearshore current. The coefficients are aV=0.13, bV=4.73, 
cV=0.08, and dV=0.3. Note that it is very difficult to measure the 
nearshore current in the surf zone by using a buoy which should 
be installed at very shallow water near the shore. The buoys 
shown in Figure 3 was not enough to close the land and outside 
the surf zone with weak waves. Unfortunately, they were 
destroyed and removed by a typhoon after 2012. Equation (6) 
and Equation (7) are the rip current likelihood functions 
according to the spreading of the frequency and directional 
spectrum, respectively. The rip current likelihood functions 
increase, as the spectrum become narrower. In other words, the 
frequency spreading parameter (Qp) increase and the directional 
spreading parameter (θs) decrease. Note that the frequency 
spreading parameter (Qp) and the directional spreading 
parameter (θs) can be converted from the other parameters γ and 
σθ, respectively, used in the model spectrum (Goda, 1970; 
Longuet Higgins, Cartwright, and Smith, 1963). 
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where F is the frequency spreading (=Qp) and D is the 
directional spreading (=θs). And fF(F) and fD(D) are the functions 
ranged from 0 to 1 for rip current likelihood according to each of 
the spectral spreading, and the coefficients are aF=0.25, bF=0.8, 
cF=1.2, dF=2.0 and aD=0.85, bD=9.5, cD=0.13, dD=0.25. 

In order to deliver an accessible warning on a dangerous rip 
current, the rip current warning index was obtained by using the 
empirical rip current likelihood functions. The generation and 
magnitude of rip current are interdependently related with the 
sea conditions such as wave height, period, direction, spectral 
spreading, and tidal elevation. Nevertheless, the warning index 
formula was set as in Equation (8) in which some terms of 
likelihoods independent with each other. The independency of 
the rip current likelihoods of sea conditions are needed in case 
of loss of a part of real-time observations. 
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where R is the rip current warning index formula and the 
weighting coefficients αW, αH, αT, αE, αV, αθ, αS are practically 
determined by empirical adjustments based on the observations 
of the rip current accidental events, and αW=50, αH=10, αT=10, 
αE=15, αV=20, αθ=25, αS=10. As shown in Equation (8), the 
likelihoods of wave height and period are dominant and the 
others depends on the effect of wave height and period since the 
effect of tide, direction, and spreading do not influence the 
generation of rip current for very low waves. Even though the 
present formula of rip current warning index is empirically 
constituted based on the observations, the statistical 
determination of the formula could be obtained if the 
observations are sufficiently accumulated to analyze the 
correlations between rip currents and the sea conditions. The 
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maximum of the empirical warning index, which is a 
combinations of the likelihoods ranged from 0 to 1, is set to 120, 
and the index was empirically classified into four levels for 
practical reason, i.e., concern level (0-29), watch level (30-54), 
warning level (55-79), danger level (80-120).  
 

ALARM SYSTEM AND ITS APPLICATIONS 
In 2012, the real-time rip current warning system of KHOA 

has been operated from the 10 June to the 10 September. Figure 
5 shows an example of the web-service of the real-time rip 
current warning system of KHOA. To check the application, this 
section presents its performances for the rip current events 
occurred at the 3, 8, 9, 10 August 2012. Note that the rip current 
events were found by using the images of the video cameras 
during the daytime with only a clear view. 

 

 
Figure 5. An example of the web-service of the real-time rip current 
warning system of KHOA including (a) the summary of observations 
and rip current index and level, (b) the observed tidal elevation and 
current velocities, (c) the wave height and period, (d) the rip current 
warning index, and (e) the other observations.

 
 

The 3 August 2012 
At the 3 August 2012, dozens of rip currents were observed 

by the video images and Korea Coast Guard (KCG) reported 
that 58 people were rescued and the beach was partially 
evacuated. The left panel of Figure 6 shows a large number of 
people enjoying the beach, dozens of people flowing out toward 
the sea due to rip current, and the coast guards rescuing the 
people captured by rip current. The right panel of Figure 6 
shows the web page presenting one of the rip current events at 
the 3 August, and the page shows the observations and the 
information from the rip current warning system such as the rip 
current warning index and level as noted in Figure 5. The figure 
confirmed that the wave height and period dominantly influence 
the rip current warning index. The rip current index was 
increased to higher than 80 (danger level) and was kept to higher 
than 30 (watch level) during the rip current events as shown in 
Figure 7 which shows the rip current index during the day. Note 
that the warning index has not been produced after around 14:00 
since the wireless problem of the observations system happened. 

  
Figure 6. Snapshot of the rip current events at Haeundae Beach (right) 
and web-service of the real-time rip current warning system of KHOA 
(left) at the 3 August 2012. 

 
 

  
Figure 7. Time series of rip-current likelihood index of the 3 August 
2012. The grey broken lines of 30, 55 and 80 emphasize rip current 
warning levels and the vertical wide grey bands indicate the rip current 
events. 

 
 
The 8 August 2012 

At the 8 August 2012, dozens of rip currents were observed 
by the video images and Korea Coast Guard (KCG) evacuated 
the entire beach for a day. The left panel of Figure 8 shows that 
the white foams of turbulence caused by wave breaking flow out 
toward the sea due to rip current. 

 

  
Figure 8. Snapshot of the rip current events at Haeundae Beach (right) 
and web-service of the real-time rip current warning system of KHOA 
(left) at the 8 August 2012. 

 
 

Figure 9. Time series of rip-current likelihood index of the 8 August 
2012. 
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The right panel of Figure 8 shows the web page presenting 
one of the rip current events at the 8 August. Figure 11 shows 
that the rip current index was kept to higher than 80 (danger 
level) for a long time and the maximum index 120 was 
continuously shown after 14:00. The high index value was 
caused mainly by the high wave height and the long wave period, 
and the large waves often induce rip currents even during the 
high tide. Note that in Figure 9 most of time without observing 
rip currents even at the danger level is out of daytime. The 
performance of the present system seems to be pretty reasonable. 

 
The 9 August 2012 

At the 9 August 2012, the video images recorded dozens of 
rip currents and Korea Coast Guard (KCG) evacuated the beach 
for a day again. The white foams of wave breaking flowing 
outward was clearly seen in the left panel of Figure 10 and the 
location seems to be little changed toward the east from that of 
the previous day. The right panel of Figure 10 shows the web 
page presenting one of the rip current events at the 9 August. 
Figure 11 shows that the rip current index kept higher than 55 
(warning level) during the rip current events for around 09:00-
11:00 and 15:00-19:00. Since the warning index during the rip 
current events is higher than that with no rip current for 12:00-
15:00, the present system seems to be working reasonably. 

 

  
Figure 10. Snapshot of the rip current events at Haeundae Beach (right) 
and web-service of the real-time rip current warning system of KHOA 
(left) at the 9 August 2012. 

 
 

 
Figure 11. Time series of rip-current likelihood index of the 9 August 
2012. 

 
 
The 10 August 2012 

More than ten rip currents were recorded in the video cameras 
at the 10 August 2012 and Korea Coast Guard (KCG) reported 
that 59 people were rescued from rip currents and the beach was 
partially evacuated. The left panel of Figure 12 presents that 
dozens of people enjoying waves were flowed toward the sea 
due to rip current, and the coast guards rescued the people 
captured by rip current. The location of the rip current event in 
the figure seems to be moved little more to the east from that of 
the previous days. The right panel of Figure 12 shows the web 

page presenting one of the rip current events at the 10 August. 
Figure 13 shows that the rip current index was increased to 
higher than 30 (watch level) at around the interval from 15:00 to 
18:00, and the rip current events were occurred during the 
interval. The warning index during the rip current events are not 
higher than those of the previous days in which the relatively 
strong rip current with relatively large waves, and the rip 
currents seem to be weaker than those of the previous days. 
However, for the relatively calm sea conditions (i.e., less than 
0.8 m wave height and less than 8 sec wave period) more people 
enjoyed waves and tend to be captured by the relatively weak rip 
currents. Even though the present system needed to be modified 
in many ways, it still works reasonably. 

 

  
Figure 12. Snapshot of the rip current events at Haeundae beach (right) 
and web-service of the real-time rip current warning system of KHOA 
(left) at the 10 August 2012. 

 
 

 
Figure 13. Time series of rip-current likelihood index of the 10 August 
2012. 

 
 

CONCLUSIONS 
To construct a real-time rip current warning system, the 

empirical rip current index formula was set by using the rip 
current likelihoods derived from the numerical results varied 
according to the observable sea conditions. For the numerical 
results, a variety of numerical simulations were conducted by 
using FUNWAVE which is capable of simulating rapid rip 
currents under random waves with phase-resolving wave-current 
interactions. The real-time rip current warning system produces 
the rip current warning index and level evaluated according to 
the real-time observations. The present system was applied to 
the Haeundae coast, the performances to the real rip current 
events were presented and analyzed, and it was seen that the 
system works reasonably well. 

In many applications of the present system, the index is higher 
than 30 (above watch level) with no rip current observed by the 
video cameras. Some rip currents could be occurred in a blind 
spot of the video cameras or could be too weak to be recognized 
by using the video images. Otherwise, the cases show the 
limitation of the present system which should be modified in the 
future. This might be because the wave and tidal conditions are 
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not sufficient conditions to generate rip currents, even though 
they are necessary. Nevertheless, in a safety viewpoint, it can be 
thought that the overestimation of the present system help the 
coast guards prepare accidental rip currents. The present system 
could be a more useful tool to determine action plans through 
modifications with respect to observation technique and earlier 
forecast.  

It should be mentioned that the formula of the present system 
should not be applied to the other coasts since it is constituted 
based on the numerical simulations and the observations of the 
Haeundae coast. However, the real-time rip current warning 
system of any coast can be constituted by using the present 
system's structure and the procedure to find the index formula 
and the likelihood of rip current. 
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ABSTRACT 
 
Eom, H.; Yun, J.H.; Jeong, C.K.; Seo, J.W., and You, S.H., 2014. Introduction to KMA operational forecasting 
system for rip current. In: Lee, J.L.; Leatherman, Stephen P., and Lee, J. (eds.), Proceedings 3rd International Rip 
Current Symposium (Busan, Republic of Korea), Journal of Coastal Research, Special Issue, No. 72, pp.63-68. ISSN 
0749-0208. 
 
A rip current, commonly referred to simply as a rip, is a strong channel of sea water flowing seaward from the near 
the shore, typically through the surf line. Rip currents can be found on the Haeundae Beach every year and make a 
very large number of rescues each year (106 in 2009, 144 in 2010 and 220 in 2012). The main reasons that it is 
present on the Haeundae Beach are the geographical factor, wide surf zone and mild slope, and meteorological factor, 
seasonal southern wind and normal waves. When waves travel normal from deep to shallow water, there is a greater 
than normal transport of wave energy into a surf zone which may result in an elevated rip current risk. Korea 
Meteorological Administration (KMA) developed a rip current forecast system that considers bathymetric and 
meteorological effect through Research and Development program. The system is based on high resolution 
topography and uses wave direction, height and period of incident wave, tidal elevation and wind condition for 
operating. And boundary conditions are obtained by the Regional Data Assimilation and Prediction System (RDAPS) 
and Coastal Wave Prediction System (CWW3), a weather forecasting system of the KMA. The rip current forecast 
system predicts a daily 72-hour current field. Additionally forecasters analyze hourly conditions which are wave 
height, wave period, wave direction and wind direction and then support cooperation organizations with a rip current 
information (safe, advisory, warning and danger). Recently rip currents also occur on Yangyang (Naksan Beach), 
Jeju island (Jungmun Saekdal Beach). Therefore we plan to extend the prediction areas by applying the forecast 
system to Naksan and Jungmun. 

. 
ADDITIONAL INDEX WORDS: Operational forecasting system, KMA, rescues, beach. 
 

 
INTRODUCTION 

A rip current occurs when seawater gets pushed onto the 
shore and then rapidly flows back into the sea through a narrow 
passage. In Korea, rip currents occur mostly at Haeundae in 
Busan when the influence of southerly winds in the summer 
pushes the waves directly to the wave break zone. In Haeundae, 
the topographical characteristics of a wide surf zone with gentle 
slopes can simultaneously create a longshore current that runs 
parallel to the shore and a rip current from the seawater flowing 
back to the ocean through the point at which the waves are 
weak. 

Rip currents began to garner attention in the 1940s as a 
possible cause of sediment transport and shoreline change. 
Through the studies of Bowen and Inman (1969); Liu and Mei 
(1976); Longuet Higgins and Stewart (1962, 1964), and Noda 
(1974) among others, the phenomenon of rising sea levels due 
to radiation stress induced by wave breaks was explained, 

 
and the phenomenon of rip currents flowing into deep waters 
where wave breaks do not occur was theoretically explained. 

Bowen and Inman (1969) and Dalrymple and Lozano (1978) 
reported that edge waves and the interactions of incident waves 
are influencing factors in causing changes to the wave break 
height to generate rip currents. From their studies, a numerical 
model of a nearshore rip current with radiation stress applied to 
a shallow water equation was developed. 

Subsequently, an irregular wave and nonlinear nearshore 
current model was developed, as well as a quasi-three-
dimensional model making use of a wave-action equation with 
the three-layer concept (De Vriend, 1986; Lee, 1993). Chen et 
al. (1999); Lee et al. (2011) used the Boussinesq nonlinear 
model and a mild slope nonlinear equation, respectively, to 
conduct studies that simulated nearshore current phenomena. 

In order to examine the spontaneous formation of a rip 
current, Lee (1993) observed low-frequency oscillations in inlet 
ebbs and waves in a regular wave hydraulic experiment and 
observed its occurrence on the slope surface by deriving a wave 
action equation. Haller and Dalrymple (2001) recreated a 
nonlinear model to show low-frequency oscillations occurring 

†
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when rip currents crash into waves. Recently, the speed of a rip 
current exceeds 0.5 m/s, its irregularities are clearly displayed. 

At around 1:45 pm on 13 August and 3:25 pm on 15 August  
2009, rip currents occurred off the shores in front of the 
Paradise Hotel at Haeundae Beach, Busan. On 13 August, 43 
beachgoers were swept beyond the second swim-restriction line 
(100 m from the coast), and all were rescued within 35 minutes. 
On 15 August, under conditions of strong wind and a swell, 63 
beachgoers were swept beyond the first swim-restriction line 
(50 m from the coast) before they were rescued. At around 2:10 
pm on 29 July and 12:15 pm on 30 July 2010, rip currents 
occurred off the coast between watchtowers 4 and 5 (as of 
summer 2010) in front of the Paradise Hotel, from which 26 and 
28 beachgoers, respectively, were rescued (Figure 1). 
 

 

 
Figure 1. Images of rip current occurrences (a) 15 August 2009, (b) 30 
July 2010.

 
 

Rip currents have been known to occur with the waves falling 
almost perpendicularly to the coastline. Because they form 
instantaneously and disappear very quickly, they have been 
difficult to predict and observe thus far. However, with an 
increasing number of people enjoying marine leisure activities, 
there is an ever-increasing need for predictive information to 
prevent accidents caused by rip currents and to allow the public 
to safely enjoy swimming in the ocean. This study introduces 
prediction cases and test results of the Korean Meteorological 
Administration (KMA) and analyzes the causes of rip currents. 

 
 
 

STUDY AREA AND DATA 
Haeundae Beach in Busan is located at latitude and longitude 

35.16 ° and 129.17 °, respectively, in the southeast section of 

the Korean peninsula. It has an area of approximately 58,400㎥, 

with reefs scattered across the front of the beach that cause 
bathymetric changes in wave heights along the coastline, and 
the range between high and low tides is relatively narrow at 1 m. 
Haeundae Beach is relatively small at about 1.5 km in length 
and 50 m in width, owing to high waves and exposure to 
erosion. Despite its small size, however, the high population 
density in Busan and the beach's popularity combine to bring a 
great number of swimmers to the beach. Several million people 
visit the beach daily at the height of summer vacation season. 

In order to analyze the geographical and physical 
characteristics of Haeundae Beach, a comprehensive 
observation system was established. Along with analysis of 
observation data, current speed, wave height, weather, tide ebb 
and flow, bathymetric and surf zone topography, and coastline 
and temperature changes were observed by closed circuit 
television (CCTV) monitoring and Global Positioning System 
(GPS) buoy and accelerometer monitoring to determine rip 
current attributes. Haeundae Beach has a curvature radius of 
about 2 km and a basket-shaped coastline. The large number of 
reefs on the beach front results in changes in water levels due to 
their effects on wave height and also creates partial cut-offs in 
sand bars (Figure 2). 

 

 

 
Figure 2. (a) bathymetry at Haeundae Beach, (b) changes based on wave 
propagation. 
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OPERATIONAL PREDICTION SYSTEMS FOR RIP 
CURRENT 

 
Model Description 

In the United States, monitoring of waves (breaker height, 
direction, period), beach (slope, orientation, material), water 
levels (tide), and other factors (local coastal configuration) have 
been performed. Since the 1990s, the National Oceanic and 
Atmospheric Administration (NOAA) constructed a numerical 
rip current program that predicts rip current occurrence on the 
basis of historical observation (Lushine, 1991). The possibility 
of a rip current occurring is expressed in four levels (safe, low, 
moderate, high risk), and this information is provided through 
the NOAA website and weather radio frequencies, emergency 
rescue services, and U.S. Coast Guard stations. Australia has 
established a rip current-related coastal disaster prevention 
program and performs monitoring and time series analysis with 
the use video technology. 

After the rip current incidents occurred at Haeundae Beach, 
the KMA undertook the task of research and development for 
establishing a forecast system. The Haeundae rip current 
prediction system, which has been in use since 2012, involves 
monitoring through observations and using a quantitative model. 

Figure 3 shows a schematic diagram of rip current operational 
forecasting system that consist of CWW3, HAECUM 
(HAEundae CUrrent Model), and information passing system. 
Wave forecast information, which is one of the input parameters, 
was obtained from a wave prediction system currently operated 
in the field by the KMA. KMA CWW3 operates twice a day to 
produce three-day forecasts. The resolution is 1 km, and the 
calculation area includes the maritime territories of the regional 
administration. The WAVEWATCH-III wave model is 
currently used in the field by NOAA/National Centers for 
Environmental Prediction (NCEP) in place of the previous 
WAM model originally developed by Tolman (1989) at Delft 
University before being further developed into 
WAVEWATCH-II (Tolman, 1992) at NASA. Haeundae makes 
use of the coastal model forecast values from the coastal area 
under the jurisdiction of the Busan Regional Meteorological 
Administration, Jungmun/Saekdal from the Jeju Regional 
Meteorological Administration and Naksan from the Gangwon 
Regional Meteorological Administration. For forecasting of rip 
currents, consideration was given to wave (height, period, 
direction), wind (direction and speed), and tide (elevation) 
factors in each of the relevant coastal areas. 

 Rip current forecast models can be divided into 
hydrodynamic models reflecting radiation stress, nonlinear 
wave models, three-dimensional models, and vorticity models. 
For the rip current generation and forecast model, this study 
used the HAECUM Model, a two-layer current model 
developed by Sungkyunkwan University. This model 
automatically couples the effects of tides and currents, reflects 
the effects of wind, and separates mass flux and undertow for 
more precise simulation of surface water flow in rip currents 
(Lee and Lee, 2011). Moreover, this model can be used 
primarily to provide rapid forecasting under spectral wave 
conditions over a broadband that does not show superior 
reflected waves and is designed to easily combine nonlinear, 
three-dimensional, and vorticity models. Using a nonlinear 

model or a circulation model reflecting radiation stress is less 
desirable than a hydrodynamic model reflecting radiation stress 
in areas in which reflected waves are dominant. In terms of 
calculations, however, the circulation model reflecting radiation 
stress is considerably superior. Although the characteristics of 
the test coefficients are similar, the circulation model reflecting 
radiation stress has greater sensitivity. HAECUM may not be 
able to represent multiple wave phases such as that by a 
nonlinear wave model, however, it is more practical in terms of 
calculation and boundary treatment than the Boussinesq model. 

The rip current model consists of a wave module and a 
current module. The wave module takes its input from wave and 
sea surface wind data obtained from KMA CWW3 and 
calculates the detailed wave field of the target waters. The 
current module simulates rip currents and inshore currents and 
considers radiation stress generated during the wave breaking 
process as the waves propagate toward the coastline. 
 

 

 
Figure 3. Schematic diagram of rip current operational forecasting 
system. 

 
 

The wave module is used to recreate the wave field created 
by wave transformation in the coastal zone. This module 
includes a phase-averaged elliptic model that treats wave 
amplitude and frequency vector as unknowns and a parabolic 
model that mitigates phase transitions caused by wave 
vibrations in the primary direction of wave propagation. Rather 
than using the phase-averaged elliptic model that cannot 
recreate the intersection of waves at the back surface of the 
bank in areas with shoals, the parabolic model was used in this 
study for numerical analysis. Radiation stress, which creates 
currents, and shear stress, which affects the suspension of 
sediment from the seabed, were calculated from the results of 
the wave model. As a function of wave height and direction, 
radiation stress was used in the model to calculate the rise in 
average sea level caused by the breaking of waves and wave-
induced currents. 

Most nearshore current models add radiation stress to the 
shallow water equations for interpretation, which simulates the 
nearshore current as a residual current of wave action. 
Nearshore simulation models have been applied primarily to 
traveling waves because of their limitation in inducing radiation 
stress. However, recently derived nonlinear equations such as 
Boussinesq and mild slope equations have allowed these models 
to be used without the induction of radiation stress in regions 
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where reflected waves are dominant. In terms of radiation stress 
approach methods, the use of time-integrated shallow water 
equations for the wave phase has relatively few lattice spacing 
limitations, which allows its application for broadband waves. 
However, a method using nonlinear wave model is difficult to 
use over broadband because a limitation occurs in the lattice 
spacing required for phase retrieval of partially reflected waves 
per cycle. A nearshore current model using radiation stress adds 
radiation stress into momentum equations to simulate the 
formation of nearshore currents based on the differences and 
reductions in wave height. 

The rip current forecast information produced by the KMA is 
passed on to the Korea Hydrography and Oceanography 
Administration (KHOA). On the basis of actual observations 
from Haeundae Beach, the KHOA then provides rip current 
development stages and forecast information to local 
municipalities and on-site rescue services by text messaging and 
email. The KMA provides rip current forecast information to 
the general public during the beach operation period in the 
summer season via its homepage (www.kma.go.kr, Figure 4). 
These data for Haeundae (southeastern coast of Korean 
peninsula), Jungmun/Sakdal (southern coast of Jeju) and 
Naksan (eastern coast of Korean peninsula) are updated every 
morning in 3-h intervals and includes three-day forecasts. 
 
Performance 

At around 12:00 pm on 4 August 2012, a large-scale rip 
current formed suddenly at Haeundae Beach. The rip current 
location was between watchtowers 5, 6, and 7, as displayed in 
the Figure 5. Although 119 members of an emergency crew and 
the Korean Coast Guard actively tried to protect the beachgoers 
from being swept out to sea, approximately 140 people drifted 
beyond the swim-restriction line before being rescued. The 
prediction result made by HAECUM is displayed in the Figure 
5 (b). The activity confirmed as a rip current flowing out to sea 
actually formed in the front area between watchtowers 6 and 7. 
 

 

 
Figure 4. Rip current forecast information displayed on the KMA 

homepage (a) Haeundae, (b) Jungmun/Saekdal, (c) Naksan Beach.

 

On the morning of 25 July 2013, as the wave height increased 
and the weather conditions worsened, a rip current swept some 
swimmers seaward even though the size of the rip current was 
relatively small. As a result, the area around the swim-
restriction line was cordoned off for rescue of the swimmers, as 
were areas of typical rip current occurrence. The HAECUM 
prediction result is displayed in Figure 5. The activity 
confirmed as an actual rip current, flowing from the front area 
between watchtowers 6 and 7 to sea, was actually observed. 

For evaluating the performance of the rip current prediction 
system's dichotomous forecast, a contingency table showing the 
frequency of each prediction and occurrence in a "yes" or "no" 
format is needed rather than a time series verification method. A 
contingency table, also known as joint distribution, was 
constructed by four combinations of "yes" or "no" for "forecast" 
and "observed." A contingency table is the most effective 
method for determining the reasons for different types of errors. 
A perfect prediction system would only generate hits and 
correct negatives and would produce results without any misses 
or false alarms. In order to explain the specific conditions of the 
prediction function, various forms of categorical statistics were 
calculated using the elements of a contingency table. 
 

l Hit – An incident is predicted to occur and actually 
occurs.  

l Miss – An incident not predicted to occur 
actually occurs. 

l False alarm – An incident is predicted to occur but 
actually does not occur. 

l Correct negative – An incident not predicted to occur 
actually does not occur. 
  

Accuracy reflects the average consistency between each 
"forecast" and "observed" and is expressed as the percentage of 
accurate predictions. The value range is from 0 to 1, with the 
value of 1 signifying perfect prediction. The Critical Success 
Index (CSI), also known as the threat score or the Gilbert score, 
is the number of accurately forecasted cases divided by the sum 
of all numbers associated with the incident, whether forecast or 
observed. The values range from 0 to 1, with 1 meaning perfect 
prediction. The CSI is not affected by the number of correct 
negative cases. 

The system was operated during the Haeundae Beach 
operation period during the summers of 2012 and 2013. For 
testing, actual rip current occurrence date and model prediction 
values such as safe, advisory, warning, and danger were 
compared. In 2012, the system operated for 51 days (204 times) 
from 9 July to 28 August, and in 2013 for 34 days (136 times) 
from 12 July to 14 August (Table 1). The accuracy results from 
operating the prediction system were 79% and 76% for 2012 
and 2013, respectively, with 2012 having an approximately 3% 
higher accuracy (Table 2). This result is believed to have 
occurred because the system operation time in 2013 was shorter 
than that in the previous year, and increased number of rip 
current incidences was noted. The CSI was 0.58 for 2012 and 
increased to 0.66 for 2013. This result shows that over the 
course of the entire period, there were more rip current 
occurrences, and they were more accurately predicted in the 
latter year. 
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Figure 5.  Image of rip current occurrences and rip current prediction results (a) photo of rip current in front of No. 6 tower, (b) vector of rip current at 

4 August 2012 12:00(KST), (c) rip current flowing seaward from front of watchtower 6, (d) vector of rip current at July 25 2013 18:00(KST). 

 
 

The system was operated during the Haeundae Beach 
operation period during the summers of 2012 and 2013. For 
testing, actual rip current occurrence date and model prediction 
values such as safe, advisory, warning, and danger were 
compared. In 2012, the system operated for 51 days (204 times) 
from 9 July to 28 August, and in 2013 for 34 days (136 times) 
from 12 July to 14 August (Table 1). The accuracy results from 
operating the prediction system were 79% and 76% for 2012 
and 2013, respectively, with 2012 having an approximately 3% 
higher accuracy (Table 2). This result is believed to have 
occurred because the system operation time in 2013 was shorter 
than that in the previous year, and increased number of rip 
current incidences was noted. The CSI was 0.58 for 2012 and 
increased to 0.66 for 2013. This result shows that over the 
course of the entire period, there were more rip current 
occurrences, and they were more accurately predicted in the 
latter year. 

 
FUTURE WORK 

The KMA developed a system for predicting rip currents that 
cause maritime accidents and applied it in three locations of 
high rip current occurrence: Haeundae Beach in Busan, 
Jungmun Beach in Jeju, and Naksan Beach in Yangyang. It is 
necessary to continue testing and to compare the results of the 
rip current prediction systems at these locations with on-site rip 
current occurrence monitoring results. 

 

Table 1.  Prediction evaluation results of rip current prediction 
system. 
 

2012 Operation 
Forecast 

Yes No Total 

Observed 
Yes 58 2 60 
No 40 104 144 

Total 98 106 204 

2013 Operation 
Forecast 

Yes No Total 

Observed 
Yes 61 3 64 
No 29 43 72 

Total 90 46 136 
 
Table 2.  Evaluation of rip current forecast system performance. 
 

Contents 2012 2013 
Accuracy 79% 76% 

CSI 0.58 0.66 

 
The rip current forecast information is included in the KMA's 

beach forecast service and is expected to greatly contribute to 
the safe enjoyment of swimming by preventing rip current-
related accidents. Through easy deployment of this system in 
rip current-prone beaches nationwide as a forecasting and 
warning system, this system can contribute to increasing the 
public's trust in the KMA and minimizing human and financial 
losses. Beginning this year, a convergence service that 
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incorporates KMA's rip current forecast information and 
KHOA's real-time rip current monitoring service will be in 
operation. This system will capitalize on the advantages of both 
observation- and prediction-based information to allow 
consistent rip current information service and effective rescue 
operations by emergency personnel. 

Moving forward, the KMA is planning to construct an 
integrated marine meteorological information service system 
that can address meteorological disasters in addition shipwrecks, 
oil spills, and other disasters occurring on the coast. This system 
will form the basis for a future-oriented marine meteorological 
service that can respond proactive to various changes in the 
marine environment. 
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ABSTRACT 
 
Lee, W.D.; Shin, S.W.; Jeong, Y.M., and Hur, D.S., 2014. Numerical studies on rip current control using scene-
friendly structures at Haeundae Beach, Korea. In: Lee, J.L.; Leatherman, Stephen P., and Lee, J. (eds.), Proceedings 
3rd International Rip Current Symposium (Busan, Republic of Korea). Journal of Coastal Research, Special Issue No. 
72, pp. 69-74. Coconut Creek (Florida), ISSN 0749-0208. 
 
The sporadically occurring rip currents put swimmers in risk during the season of every summer vacation. It is 
known that the rip current generation is affected by the characteristics of incident waves and bottom topography but 
the mechanism of the rip current occurrence is still not clear. In order to understand the mechanism of the rip current 
and to establish countermeasures, 3D numerical simulation was performed based on the realistic bathymetry of 
Haeundae Beach by using LES-WASS-3D. The numerical simulation results showed that the wave heights vary 
parallel to the shore line by inequality of bottom bathymetry (submerged shoal and rocks) and this wave height 
variation induces the water level difference. The model results also showed that the rip currents were generated 
through the region of relatively deep water and low water level that is caused by the water level difference. The 
present study suggested scene-friendly structures such as submerged breakwaters, drainage layers, and gabions as the 
countermeasures of rip current control. These structures successfully reduced rip current by controlling the energy 
unbalance in the region of rip current occurrence. 
 
ADDITIONAL INDEX WORDS: Rip current, submerged breakwater, drainage layer, gabion, 3D model. 
 

 
INTRODUCTION 

Nowadays sporadically occurred rip currents frequently cause 
accidents in the Haeundae Beach area, which is one of the most 
famous sites for tourism during the summer season. For this 
reason, it is vitally important and urgent to understand the rip 
current occurrence mechanism and to establish the 
countermeasure. Although the city has built a rip current 
warning system to warn the swimmer about the rip current 
occurrence, it was basically difficult to predict the rip current 
that occurs sporadically and intermittently. 

 Many researchers have studied the mechanism of the rip 
current generation and found that the rip currents are usually 
generated through the region where the water is relatively deep 
and the water level is low according to the water level difference 
caused by the wave height variation along the shore line near the 
complex bathymetrical area including the submerged shoal and 
rocks.  

So far, most of the numerical studies have been performed by 
using a 2D horizontal model but the models in higher level of 
complexity such as the 3D model are needed to figure out the 
effectiveness of various countermeasures to consider the 
complexity of flow pattern and the geometry of structures.  

 
Therefore, in this study, a 3D numerical model (LES-WASS- 

3D) was employed to figure out the mechanism of the rip 
current generation and to simulate the rip current generation 
based on the measured bathymetry in Haeundae Beach. 
Moreover, by considering the characteristics of the incident 
wave and bottom topography, the numerical simulations were 
carried out in the cases of the countermeasures. 

 
3D NONLINEAR MODEL 

 
Governing Equations 

In this study, a three-dimensional numerical model with Large 
Eddy Simulation, which can directly simulate Wave-Structure-
Sandy beach interaction (here after, LES-WASS-3D), is 
developed to investigate the hydrodynamic characteristics of the 
3-D flow field around dual-submerged breakwaters resulting 
from the interaction among a wave, a submerged breakwater, 
and a sandy beach. In this model, the Smagorinsky sub-grid 
scale model (Smagorinsky, 1963) is adopted in order to 
determine the eddy viscosity. In addition, as the fluid resistances 
of the submerged breakwater and the sandy beach, the inertia 
resistance (Sakakiyama and Kajima, 1992), the turbulent 
resistance (Ergun, 1952; van Gent, 1995) and the laminar 
resistance (Liu and Masliyah, 1999; van Gent, 1995) are applied 
in the model. 
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The basic equations are composed of the continuity equation 
(Equation (1)), including the wave-generation source for non-
reflected waves, and the modified Navier–Stokes momentum 
equation (Equations. (2)–(4)), including fluid resistance in 
porous media for three- dimensional fluid fields. 
 

 
where (x, y and z) is the Cartesian coordinate system; the z-axis 
is zero at the still water level and is negative downward; u, v and 
w are the filtered flow velocity components in the x, y and z 

directions, respectively; t is the time; p is the pressure; ρ is the 

fluid density; g is the gravitational acceleration; γx, γy, and γz are 
the components of surface permeability in the x, y and z 
directions, respectively; γv is the volume porosity; β is the wave 
dissipation factor that equals zero except in the added fictitious 
dissipation zone; νt is the total dynamic viscosity, including the 
effect of turbulence (νt = ν + νl ); ν is the dynamic viscosity; νl is 
the eddy viscosity; and q* is the source term required to 
generate waves at the source position (x = xs).  

As suggested by Brosen and Larsen (1987), the flux density 
of the waveg eneration source in Equation (5) gradually 
increases at the inception of the three wave periods of wave 
generation and is shown in Equation (6) 
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Where q (y,z,t) denotes the flux density; h is the water depth; ηs 
is the water surface elevation at the source position; and U0 and 
η0 represent the  directional velocity and the water surface 
elevation computed by the third-order Stokes theory, 
respectively. A constant of “2” accounts for two waves 
propagating to the left and right sides. The depth-integrated 
quantity of is adjusted using (η0+h)/(ηs+h) in order to produce 
the same quantity in the no-reflection condition (Ohyama and 
Nadaoka, 1992). 

In Equations (2)–(4), Mx, My and Mz represent the inertia 
resistance forces in the  x, y and z directions, respectively, Dx, 
Dy and Dz are the frictional resistance forces due to the laminar 
flow (viscous effect), and Ex, Ey and Ez are the frictional 
resistance forces due to the turbulent flow (turbulence effect). 
The equations for fluid resistances applied in this study are 
shown in Equations (7)–(9). 
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where CM is the coefficient of inertia, CE is the coefficient of 
laminar resistance, CD is the coefficient of turbulent resistance, 
and Dp is the median grain size of porous media. To explain 
turbulence, the calculation domain must be larger than the 
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representative scale of the flow field, and the size of the cell 
must be smaller than the minimum turbulence scale. Since actual 
turbulence is 3-D, at least Re9/4 (Re; Reynolds Number) cells are 
necessary. Since it is almost impossible to perform numerical 
analysis with this number of cells using a present-day personal 
computer system, in this study, there relatively large scale of 
turbulence is calculated directly, and Large Eddy Simulation 
(LES) using the sub-grid scale model is applied to the turbulence 
smaller than the size of a cell. 

To determine eddy viscosity, the sub-grids scale (SGS) 
turbulence model by Smagorinsky (1963) is adopted. 

The numerical simulation of fluid flow at the free surface 
requires not only the solutions to the governing equations 
(Equation (1) – (4)), but also special treatment of the free 
surface, i.e., tracking of the fluid interface. In this study, the free 
surface is governed by Equation (10) in terms of the VOF 
(Volume of Fluid) function, F (Hirt and Nichols, 1981), which 
represents the rate of the fluid volume flowing into the cell 
relative to the whole cell volume. 

 
Table 1. Observed and simulated wave heights. 
 

Wave height (m) 
CP-1 CP-2 

Observed Simulated Observed Simulated 
4.09 4.09 1.64 1.55 
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Model Verification 

Before the numerical simulation for the Haeundae Beach, the 
model was validated in the Songdo Beach area. Since this site 
includes two submerged breakwaters, it is suitable to be used as 
a model verification of the wave and current pattern considering 
the submerged structures. The numerical model domain was set 
up by using the shore line data surveyed in 27 February 2006 
and the bathymetry data collected in 29 December 2006 and also 
the wave data at CP-1 and CP-3 were used, as shown in Figure 1. 
The wave height data observed during the period of Typhoon 
Ewiniar (10 July 2006, Kim and Yoon, 2010) were used as an 
incident wave condition. In the simulation, uni-directional 
irregular waves were generated in the computational domain. 

Table 1 shows the wave heights in CP-1 and CP-3 from the 
filed observation and the numerical simulation. In this table, the 
simulation result showed a good agreement with the measured 
data at CP-1 while the simulation result under-predicted the 
wave heights a little at CP-3 by 6%. This difference may come 
from the multi-directional effects in the real situation. (Hur et al., 
2013) 

 
Model Setup for Haeundae Beach 

Figure 2 shows the computational domain including the 
bottom topography in both a plan view (Figure 2) and an oblique 
view (Figure 2) based on the survey data in 2013. The offshore 
boundary consists of a wave source and the added dissipation 
zone that reduces the re-reflection of the reflected wave in the 
offshore boundary. The computational domain covering 825 m x 

1822.5 m and the horizontal grids with the size of 7.50 m x 7.50 
m were used in the offshore region and those with the size of 3.7 
m x 7.50 m were used in the nearshore region. The vertical grids 
with the size of 0.5 m were used near the water surface level and 
those with a size of 1 m in other vertical layers. The time step 
for the computation was set to 0.002 seconds. 

Table 2 shows the incident wave conditions for the numerical 
simulation that were collected in the end of July 2009 (Lee and 
Kim, 2010) as a normal wave condition and in 25 June 2011 
(Yoon et al., 2012) during the period of Typhoon Maemi as an 
extreme wave condition. The wave direction was set to South 
(S). 

As shown in Figure 3, three different scene-friendly structures 
were proposed as countermeasures of rip current control: (a) 
submerged breakwater, (b) drainage layer, (c) gabion. In Figure 
3, two sets of submerged breakwaters with 40m (width, B) x 200 
m (length, Lr) were placed at a distance of 160 m from the shore 
line (Y) and the gap (W) between the submerged breakwaters 
were set to 50 m. The porosity of the submerged breakwater was 
assumed to be 0.5. In Figure 3, three drainage layers were 
considered for the countermeasure. The width (B) of left and 
right ones were 75 m and that of middle one was 140 m. The 
lengths of the drainage layers were 110 m and the porosity was 
0.45. In Figure 3, gabions with the width of 45 m and the 
porosity of 0.4 were placed up to the same water depth of the 
submerged shoal and rocks. These three scene-friendly 
underwater structures were placed by considering the location of 
rip current occurrence. 

 

 

 
Figure 1. Field survey points for wave heights observed at Songdo 
Beach in Busan, Korea. 

 
 

Table 2. Observed and simulated wave heights. SB: submerged 
breakwater; DL: drainage layer; G: gabion. 
 
Case Wave condition Type of structure 

Hi (m) Ti (s) Direction SB DL G 
1 
2 
3 
4 
5 
6 
7 
8 

2.0 
2.5 
3.0 
2.5 
2.5 
2.5 
2.5 
2.5 

10.0 
10.0 
10.0 
12.0 
14.0 
10.0 
10.0 
10.0 

 
 
 

S 
 
 
 
 

X 
X 
X 
X 
X 
O 
X 
X 

X 
X 
X 
X 
X 
X 
O 
X 

X 
X 
X 
X 
X 
X 
X 
O 
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Figure 2. Definition sketch of 3-D numerical wave basin used for 
Haeundae Beach (a) plan view, (b) oblique view. 

 
 

 

 

Figure 3. Scene-friendly structures (a) submerged breakwaters, (b) 
drainage layers, (c) gabions. 

 

RESULTS AND DISCUSSION 
 

Mechanism of Rip Current Occurrence 
3D numerical simulations were carried out to understand the 

mechanism of the rip current occurrence in Haeundae Beach by 
using measured bathymetry and the wave condition described in 
Table 1.  

Figure 4 shows the mean current in horizontal direction at 
“abcd” section as shown in Figure 2. Three different wave 
periods were used in theses simulations: (a), (b) 10 sec, (c), (d) 
12 sec, (e), (f) 14 sec. These figures show that rip currents with 
the width of 20 ~ 50 m are generated and stretched up to 200 m 
in offshore direction and that the number of the rip current 
location and the current speed are proportional to the wave 
period. Therefore, the numerical simulation results show that 
strong rip currents are generated in 2~4 locations depending on 
the wave periods. 

Figure 4 shows the relative wave height distributions 
normalized by the incident wave height (Hi= 2.5 m). From these 
figures, it is found that there is wave height variation along the 
shore line due to the wave refraction by the submerged shoal 
and rocks. 

Therefore, the results in Figure 4 show that the rip currents in 
Haeunade are generated in the region of lower wave height due 
to the wave energy imbalance affected by bottom topography. 

 

 

 

Figure 4. Spatial distributions of mean flow vectors (left) and relative 
wave heights (right) according to the variation of wave period. case 2: 
(a) and (b), case 4: (c) and (d), case 5: (e) and (f). 

 
 

Control of Rip Current 
The numerical simulations were performed under the 

conditions of three scene-friendly submerged structures as the 
countermeasures of the rip current control to figure out their 
effectiveness’s. All three types of structures were placed by 
considering the location of rip current in the previous section 
(Figure 4). 
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Figure 5 shows the time-averaged wave velocity (mean flow 
velocity) and the wave height distribution respectively when the 
submerged breakwaters are placed. The simulation results in 
Figure 5 shows that two sets of the submerged breakwater 
reduce the transmitted wave energy behind the structure (shore 
side). The ratio of the transmitted wave height to the incident 
wave height ranges from 0.1 to 0.15 and the submerged 
structures also reduce the wave velocity by resolving the energy 
imbalance. 

 

 

 

Figure 5.  Spatial distributions of mean flow vectors (left) and relative 
wave heights (right) according to the variation of wave period. case 6: 
(a) and (b), case 7: (c) and (d), case 8: (e) and (f). 

 
 

 

 

Figure 6. Vertical distributions of mean flow velocities according to the 
different bathymetric conditions at P1 (a) and P2 (b). 

 
 

Table 3. Reduction rates of the rip current speeds. 
 

Case Reduction rate (%) 
P1 P2 

6 
7 
8 

79.83 
12.25 
26.57 

98.67 
  4.10 
47.93 

Figure 5 shows the mean flow velocity and the wave height 
distribution respectively when the drainage layers are placed 
underneath the sand layer. The red boxes with dotted lines 
indicate the drainage layers. This countermeasure seems to be 
less effective compared with the case of the submerged 
breakwater because the mean flow velocity and the wave height 
variation along the shore line are not reduced so much. 

Figure 5 shows the mean flow velocity and the wave height 
distribution respectively when the gabions are placed near the 
area of submerged shoal and rocks. It is found that the wave 
heights near the coast decrease after the incident waves pass 
through the gabions due to the wave energy reduction and the 
speed of the rip currents also decrease. 

Figure 6 shows the vertical structures of the mean flow 
velocities in cross-shore direction at P1 and P2. In P1, the rip 
current velocities are reduced by 80% in the case of the 
submerged breakwaters, 12% in the case of the drainage layers 
and 27% in the case of the gabions. In P2, however, the rip 
current velocities decrease by 99%, 4% and 48% in the case of 
the submerged breakwaters, drainage layers and gabions 
respectively as shown in Table 3. The simulation results show 
that the submerged breakwaters and gabions reduce the rip 
current velocities in both P1 and P2 but the drainage layers are 
less effective in terms of the reduction of rip current velocity, 
especially in P2. In Figure 4, the direction of the rip current in P2 
is not exactly normal to the shore line and the drainage layer 
may not be effective in this case. 

 
CONCLUSIONS 

In this study, numerical simulations using 3D nonlinear model 
(LES-WASS-3D) were carried out to understand the mechanism 
of the rip current occurrence and to figure out the effectiveness 
of the scene-friendly structures as the countermeasure for the rip 
current control. The following conclusions can be made based 
on the numerical simulation results in this study: 

The rip currents in Haeundae beach are generated due to the 
energy imbalance near the location of the lower water level and 
smaller wave heights.  

The rip current velocities are reduced by 90%, 8% and 38% in 
average when the submerged breakwaters, the drainage layers 
and the gabions are used as the countermeasures. Therefore, the 
submerged breakwaters are most effective in terms of the rip 
current velocity reduction in Haeundae Beach. 

This 3D numerical study can contribute to establish the 
countermeasure for the rip current control as well as to 
understand various hydrodynamic problems by considering full 
three-dimensional aspect. 
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Control Technologies in Reducing Rip Currents around the Open 
Inlet between Two Submerged Breakwaters 
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ABSTRACT 
 
Hur, D.S.; Cho W.C.; Yoon, J.S.; Kim, I.H., and Lee, W.D., 2014. Control technologies in reducing rip currents 
around the open inlet between two submerged breakwaters. In: Lee, J.L.; Leatherman, Stephen P., and Lee, J. (eds.), 
Proceedings 3rd International Rip Current Symposium (Busan, Republic of Korea). Journal of Coastal Research, 
Special Issue, No. 72, pp. 75-80. Coconut Creek (Florida), ISSN 0749-0208. 
 
In the present study, we investigated the flow generated around the open inlet between two submerged breakwaters 
installed at Songdo Beach, Busan, Korea. We also performed the numerical analysis on the characteristics of the rip 
current generated around the open inlet with various sizes and arrangements of the submerged breakwaters. 
Furthermore, based on the numerical results of this study, we suggested three technologies to control the rip current 
and applied these technologies around the submerged breakwaters to find out the effectiveness of the control 
technologies. From the numerical analysis, we found out that RCCT-3 (Rip Current Control Technology-3), which 
installs a drainage channel inside the submerged breakwater to reduce water surface elevation at the rear side of the 
submerged breakwater, is most effective in reducing the rip current around the open inlet. 
 
ADDITIONAL INDEX WORDS: Rip current, submerged breakwater, 3-D wave field, wave setup, 3-D numerical 
model (LES-WASS-3D). 
 

 
INTRODUCTION 

Generally, submerged breakwaters reduce incoming wave 
energy to the shore inducing strong wave breaking above the 
crown of the submerged breakwaters. However, the submerged 
breakwaters induce an unbalanced wave height distribution 
around the submerged breakwaters, and thus strong rip currents 
are generated through the open inlet between the submerged 
breakwaters. These rip currents cause scours around the open 
inlet and affect the stability of the submerged breakwaters.  

In order to reduce rip currents, we need to design submerged 
breakwaters to basically reduce the surface elevation difference 
between the front and rear sides of the submerged breakwaters, 
which determines the intensity of rip current, from the beginning. 
However, it is impossible for existing submerged breakwaters. 
Therefore, for existing submerged breakwaters, we suggest three 
technologies in this study to reduce rip currents. The first one is 
putting a number of large gravels on the bottom of the open inlet, 
the second one is installing a small submerged structure on the 
onshore side of the open inlet, and the third one is installing a 
drainage channel inside the submerged breakwater to reduce 
water surface elevation at the rear side of the submerged 
breakwater.  

 
Figure 1 shows the field measuring point P0 in the middle of 

the open inlet between two submerged breakwaters and the 
horizontal flow distribution at the upper, middle and lower 
layers of the water column in the middle of the open inlet at 
Songdo Beach, Busan, Korea on 7 August 2008, respectively. 
As shown in Figure 1, onshore flows appear at the upper part 
while offshore flows prevail at the middle and lower parts of the 
water column (Hur et al., 2013).  

In this study, we investigate the characteristics of the rip 
current generated around the open inlet between two submerged 
breakwaters at Songdo Beach with various sizes and 
arrangements of the submerged breakwaters with and without a 
beach. Furthermore, based on the numerical results of this study, 
we apply the three technologies suggested above to control the 
rip current around the submerged breakwaters and investigate 
the effectiveness of the control technologies. 

 
NUMERICAL ANALYSIS METHOD 

In this study, a 3-dimensional (3-D) numerical model with 
Large Eddy Simulation that is able to directly simulate WAve-
Structure-Sandy beach interactions (hereafter, LES-WASS-3D), 
is developed to investigate the hydrodynamic characteristics of 
the 3-D flow field around two submerged breakwaters that result 
from the interactions among waves, the submerged breakwaters, 
and a sandy beach. We adopt the Smagorinsky sub-grid scale 
model (Smagorinsky, 1963) to determine eddy viscosity. 
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Furthermore, inertia resistance (Sakakiyama and Kajima, 1992), 
turbulence resistance (Ergun, 1952; van Gent, 1995), and 
laminar resistance (Liu and Masliyah, 1999; van Gent, 1995) are 
used in our model as fluid resistances for the submerged 
breakwaters and the sandy beach. 
 
Basic Equations 

The basic equations used are the continuity Equation (1) 
including a wave generation source for non-reflected waves, and 
the modified Navier-Stokes momentum equations (Equations. 
(2)-(4)) that include fluid resistance in porous media to model a 
three-dimensional fluid field. 
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Figure 1. Vertical flow distribution at the field measuring point P0 of 
Songdo Beach, Busan, Korea (a) field measuring point P0, (b) vertical 
flow distribution.

 
 

 

 

Figure 2. Definition sketch of numerical wave basin used for verification. 
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where, ( x , y , z ) is the Cartesian coordinate system, the z -axis 

is zero at the still water level and is negative below that, u , v , 

and w are the filtered flow velocity components in the x , y , 

and z  directions, respectively, t  is the time, p  is the pressure, 

r  
is the fluid density, g  is the gravitational acceleration,

 xg , 
yg , 

and 
zg  are the components of surface permeability in the x , y , 

and z  directions, respectively, 
vg  

is the volume porosity, b  
is 

the wave dissipation factor that equals zero except in the added 
fictitious dissipation zone, 

tn  
is the total dynamic viscosity 

including the effect of turbulence (
lt nnn += ), n  is the dynamic 

viscosity, 
ln  

is the eddy viscosity, and *q  is a source term 

required to generate waves at the source position (
sx x= ). 

In this study, free surface is governed by Equation (6) in 

terms of the volume of fluid (VOF) function and F , the 
proportion of the fluid volume in the cell to that of the whole 
cell volume (Hirt and Nichols, 1981). 
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Figure 3. Measured wave data at Haeundae during 7 August to 12 
November 2007 (a) significant wave height versus wave direction, (b) 
peak wave period versus wave direction, (c) peak wave period versus 
significant wave height.
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Table 1. Incident wave condition and submerged breakwater size and 
arrangement. 
 

Wave condition 
Submerged breakwater 

Size Arrangement 

iH
 

( cm ) 

iT
 

( sec ) 

Crown 
depth 

Width Slope Length 
Detached 
distance 

Opening 
ratio 

/ iR H
 

/ iB L
 

S  / iLr L
 

/ iXs L
 

/W Lr  

 
 

6.0 
 
 

 
 

1.5 
 
 

0.33 
0.67 
1.00 
1.33 
1.67 

 
 

0.25 
 
 

 
 

1:2 
 
 

 
 

1.0 
 
 

 
 

1.5 
 
 

 
 

0.5 
 
 

 
Verification of Numerical Model 

The 3-D numerical wave basin based on the experimental 
study of Osanai and Minami (2003) is used to verify the velocity 
calculated using LES-WASS-3D (Hur, Lee, and Cho, 2012). 
Two impermeable and artificial submerged breakwaters with 
slopes of, lengths of, crest heights of, and crest widths of are 
considered numerically in the analysis zone. The length of the 
open inlet is and the water depths in the analysis zone and the 
added dissipation zone is V1, V2, and V3 in Figure 2 are the 
horizontal flow measuring points at the upper, middle, and lower 
layers of the water column in the middle of the open inlet 
between two submerged breakwaters, and V4 and V5 are the 
horizontal flow measuring points at the offshore and The 
incident wave height and wave period are 8.8 cm  and 0.9 sec , 

respectively, and a grid of size 2 2 1 ´ ´cm cm cm  is used in the 
numerical simulation. As shown in Figure 3, the calculated 
horizontal flow velocities in the middle of the open inlet at V1, 
V2, V3, V4, and V5 are comparable to the experimental flow 
velocities reported by Osanai and Minami (2003). It reveals  that 
the calculated horizontal flow velocities are in good agreement 
with the experimental values. 

 
Numerical Wave Basin and Incident Wave Condition 

A 3-D numerical wave basin, which is similar with Hur, Lee, 
and Cho (2012), is used to investigate the characteristics of the 
rip current at the open inlet between two submerged breakwaters 
with various conditions. As shown in Figure 4, a source for 
generating waves and an added fictitious dissipation zone are 
considered in order to prevent wave reflection at the open 
boundary. 

 

 

 
Figure 4. Definition sketch of 3-D numerical wave basin. 

 

The slope of the impermeable seabed is 1:100 , and the slope of 

sandy beach with a median grain size of 0.002 cm  is 1:10 . The 

submerged breakwaters are installed numerically with a slope of 

1: 2S = . The submerged breakwaters are composed of two 

layers, and median grain sizes of 4 cm  and 1 cm  and volume 

porosity of 0.45  and 0.35  are used for armour layer and core 
stones, respectively. 

Table 1 shows the various conditions used for the numerical 
analysis, where 

iH  is the incident wave height, 
iT  is the 

incident wave period, R  is the crown water depth of the 
submerged breakwater, B is the crown width of the submerged 
breakwater, 

iL  is the incident wave length, Lr is the crown 

length of the submerged breakwater, and W  is the gap length 
between two submerged breakwaters. The characteristics of the 
rip current at the open inlet are investigated for various crown 
water depths, R, for the fixing incident wave condition, 

6 cm=iH  and 1.5 sec=iT . 

Breakwaters due to wave energy dissipation by wave breaking 
over the crown. However, larger mean surface elevation in the 
rear side of the submerged breakwaters appears in Figure 5, and 
thus it results in large surface elevation difference between the 
front and rear sides of the submerged breakwaters. From Figure 
5, strong rip currents are generated at the open inlet due to large 
surface elevation difference as reported in Hur, Lee, and Cho, 
(2012), and it consequently causes scours around the bottom of 
the open inlet and affects the stability of the submerged 
breakwaters. 

The intensity of rip current is generally affected by the 
surrounding conditions including the incident wave condition 
and submerged breakwater arrangement. Figure 6 shows the 
spatial distribution of the mean flow in the middle section of the 
open inlet for the relative crown depth, / 0.33iR H = . It is seen 

in Figure 6 that strong rip currents flowing offshore through the 
open inlet are generated, and vorticities are generated on the 
beach. 
 

 

 
Figure 5. Hydraulic characteristics around the submerged breakwaters 
(a) spatial distribution of the wave breaking point, (b) spatial distribution 
of the wave height, (c) spatial distribution of the mean surface elevation, 
(d) spatial distribution of the mean flow. 
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Figure 7 shows the mean surface elevation difference between 
the front and rear sides of the submerged breakwater and the 
depth-averaged mean flow velocity at the measuring point P1 
around  the open inlet with and without a beach for various 
relative crown depths, / iR H . From Figure 7, compared with 

the surface elevation without the beach, larger surface elevation 
differences are seen due to the beach, and thus it induces strong 
rip currents at the open inlet. In addition, the intensity of the rip 
current increases as the relative crown depth decreases because, 
as the relative crown depth decreases, stronger wave breaking 
occurs and thus it results in larger surface elevation difference. 

Figure 8 shows the vertical distributions of the mean flow at 
P1, P2, and P3 (see Figure 6) in the middle section of the open 
inlet with the beach for various crown depths. It reveals in 
Figure 8 that  rip currents flowing offshore through the open 
inlet are overall strong due to larger water surface elevation at 
the rear side of the submerged breakwaters. In addition, as the 
crown depth increases, surface elevation at the rear side of the 
submerged breakwaters also increases due to stronger wave 
breaking over the crown of the submerged breakwaters, and 
subsequently stronger rip currents are generated, as mentioned 
in Figure 7. 

 
Control Technologies in Reducing Rip Current 

Generation of the rip current at the open inlet is the major 
weakness in installing submerged breakwaters. Therefore, in 
order to reduce the rip current at the open inlet, we suggest three 
rip current control technologies (hereafter RCCT, Rip Current 
 

 

 
Figure 6. Spatial distribution of the mean flow in the middle of the open 
inlet. 

 
 

 

 
Figure 7. Surface elevation difference and the mean flow velocity at P1 
with and without a beach for various relative crown depths. 

 

Control Technology) and investigate the effectiveness of each 
control technology.  Figure 9 shows the general shape of 
submerged breakwaters: RCCT-1 putting a number of large 
gravels on the bottom of the open inlet, RCCT-2 installing a 
small submerged structure on the onshore side of the open inlet, 
and RCCT-3 installing a drainage channel inside the submerged 
breakwater. 
 

 

 
Figure 8. Vertical distribution of the mean flow with various relative 
crown depths (a) P1, (b) P2, (c) P3. 

 
 

 

 
Figure 9. Control technologies in reducting rip current at the open inlet 
(a) General shape, (b) RCCT-1, (c) RCCT-2, (d) RCCT-3. 
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Figure 10 shows 3-D mean surface elevations around the 
general shape of the submerged breakwaters and the submerged 
breakwaters using RCCT-3. Compared with the surface 
elevation around the general shape of submerged breakwaters, 
for RCCT-3, larger surface elevation at the front side of the 
submerged breakwaters and smaller surface elevation at the rear 
side of the submerged breakwaters appear. This is because the 
surface elevation at the rear side of the submerged breakwaters 
increases by wave breaking over the crown of the submerged 
breakwaters, and subsequently the increased surface elevation 
difference at the rear side induces the flow through the drainage 
channels installed inside the submerged reakwaters. 
Consequently, the surface elevation in the rear side of the 
submerged breakwaters decreases. 

 

 

 
Figure 10. Mean surface elevation around the submerged breakwaters 
(a) general shape of submerged breakwaters, (b) submerged breakwaters 
using RCCT-3.

 
 
Figure 11 shows the vertical distributions of the mean flow at 

P1, P2, and P3 in the middle section of the open inlet for various 
RCCTs. It reveals in Figure 11 that compared with the general 
shape of the submerged breakwaters, for the submerged 
breakwaters using RCCT,  rip currents at the open inlet are 
overall reduced, especially for the submerged breakwaters using 
RCCT-3 showing maximum 47.4 %  of rip current reducing rate. 
Table 2 shows the rip current reducing rate for various RCCTs. 
The effectiveness of RCCP in reducing rip current is RCCP-3, 
RCCp-1, and RCCp-2 in order. 
 

Table 2. Rip current reducing rate for various RCCTs. 
 

 Reducing rate (%) 
RCCT-1 RCCT-2 RCCT-3 

P1 
P2 
P3 

9.5 
6.4 

41.8 

10.7 
6.5 

26.1 

15.6 
12.8 
47.4 

 
CONCLUSIONS 

In the present study, we investigated the characteristics of the 
rip current generated around the open inlet between two 
submerged breakwaters at Songdo Beach, Busan, Korea and 
suggested three control technologies to reduce rip currents. 
From the results of the numerical analysis, we found out that 
RCCT-3 is most effective in reducing rip current , which 
reduced the increased surface elevation at the rear side of the 
submerged breakwaters after wave breaking over the crown of 
the submerged breakwaters by draining rear side sea water 
through the drainage channels, that are is installed inside 

submerged breakwaters. We also need to carry out further study 
for RCCT-3 with various conditions in order to obtain more 
detailed results. 
 

 

 
Figure 11. Vertical distribution of the mean flow for various RCCTs  (a) 
P1, (b) P2, (c) P3. 
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ABSTRACT 
 
Lee, J.; Yoo, C., and Lee, J.L., 2014. Introduction to automated system in HAECUM (HAEundae Current Model. In: 
Lee, J.L.; Leatherman, Stephen P., and Lee, J. (eds.), Proceedings 3rd International Rip Current Symposium (Busan, 
Republic of Korea). Journal of Coastal Research, Special Issue, No. 72, pp. 81-84. Coconut Creek (Florida), ISSN 
0749-0208. 
 
Wave-induced currents must be predicted for the sake of public safety, and coastal flows and waves are produced at 
each time step and each grid point by means of a systematic interface of the hydrodynamic and wave models. The 
flow velocity is influenced by the tides, wave-induced currents, and free surface flow from the waves, and a 
forecasting system has been written into a software package called the Haeundae Current Model (HAECUM) in 
order to provide a user-friendly simulation tool for end-users. The HAECUM system has been written in a modular 
manner with two sub-models: a wave model that uses radiation stress and a current model. The flow velocity and the 
water level resulting from the tide-induced combined flow are determined by solving depth-integrated equations of 
mass and motion, and the forcing terms in this model include the surface pressure, surface shear stress due to wind, 
bottom friction, Coriolis effects, and tide potential. The radiation stresses are used as feedback for the the circulation 
model to calculate the wave-induced current. 
 
ADDITIONAL INDEX WORDS: HAECUM, Haeundae, rip current, automated forecasting model. 
 

 
INTRODUCTION 

Rip currents became well-known this past summer in Korea. 
Haeundae Beach draws one million visitors each year, and more 
than fifty people have to be rescued from rip currents each 
summer season (Lee and Lee, 2011). Haeundae Beach is located 
in Busan, which is a city in the southeastern part of South Korea, 
and in 2014, many people have been rescued from due to the 
fast-moving, seaward currents, as shown Figure 1. The main 
objective of this study is to provide preventative measures that 
can protect human life in areas where rip currents occur. The 
Korean Meteorological Administration plans to set up automatic 
monitoring systems in Haeundae in order to forecast rip current 
generation for the sake of public safety at Haeundae Beach. The 
forecasting system provides a user-friendly simulation tool for 
end users, and the system has been written as a software package 
called Haeundae Current Model (HAECUM). In July 2014, rip 
currents occurred four times in Haeundae Beach, and HAECUM 
was able to predict the risk of a rip current there during that time. 
As a result, lifeguards are able take appropriate action in 
advance. The output from the HAECUM system is viewed as 
safety factor, and it provides combined current vectors for ease 
of decision-making by emergency management officials. 
HAECUM automatically uses wave and wind data to forecast 
rip currents. Lee’s approach estimates surface onshore currents  

 
that result from wave breaking, and we compared the data that 
was measured in the summer season of 2012 to the results from 
the model calculated from the incident wave conditions. The rip 
current forecasting model for Haeundae Beach was verified in 
order to assess the weather conditions and to issue rip current 
warnings on Busan’s beaches in 2010 (Lee et al., 2013). 

 The automated system in HAECUM provides an enhanced 
user-friendly tool, it reads the KMA CWW3 data, which 
includes the wave data (height, direction, and period), and the 
wind prediction data. HAECUM forecasts the safety and current 
vectors at Haeundae Beach by using the depth, wave, wind, and 
tide data. The 2014 current forecast result for HAECUM is sent 
to KMA and a notice is provided on their website. 

 

 

 
Figure 1. Rip current generation at Haeundae Beach (24 July 2014).
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Site Description 
This study investigated the rip current that occurred in the sea 

nearest to Haeundae Beach. The beach is located on the 
southeastern coast of the Korean peninsula at a latitude of 35.16 
degrees and longitude of 129.17 degrees. Since Busan has a 
large population, the beach always has many visitors throughout 
the year. On peak days during summer vacation, over one 
million people visit the beach. However, the beach is extremely 
small with a length of only 2 km, as shown in Figure 2 (Lee et 
al., 2013). 

The very high density of visitors has resulted in an 
arrangement of many buildings that provide accommodations 
behind the beach. The buildings hinder the wind in the seaward 
direction, mainly at night, and this hindrance can decrease the 
height of the incident waves because the beach had been 
previously exposed to a higher wave height that resulted in 
beach erosion. The average width of the beach is within 50 m. 
Since the beach is small, and there is a high density of people, 
rip currents demand a higher level of attention from authorities. 
Moreover, the presence of several oversized sunken-rocks that 
are located at a short distance from the beach results in a very 
uneven morphology (Kim, Lee, and Lee, 2013). 

 
METHODS 

 
Model Description 

Wave-induced currents must be predicted for the sake of 
public safety, and coastal flows and waves can be produced for 
each time step and grid point by means of a systematic interface 
between hydrodynamic and wave models (Lee and Lee, 2001). 

 

 

 
Figure 2. Study area, Haeundae Beach, Korea.

 
 

 

 
Figure 3. HAECUM operating window.

 

The flow velocity is influenced by tides, wave-induced 
currents, and free surface flows resulting from waves. In order to 
provide a user-friendly simulation tool for end-users, a 
forecasting system has been written into a software package, 
called HAECUM. Figure 3 shows the HAECUM operating 
window. The HAECUM system was built in a modular way 
with two sub-models: a wave model that uses radiation stress 
and a current model. The flow velocity and the water level that 
are due to the tide-induced combined flow are determined by 
solving the depth-integrated equations of mass and motion (Lee, 
Liu, and Teng, 2004). The force terms in this model include the 
surface pressure, the surface shear stress due to the wind, the 
bottom friction, the Coriolis effects, and the tide potential. The 
radiation stresses are then fed back into the circulation model in 
order to calculate the wave-induced current, and this model is 
solved using a fractional step method in conjunction with the 
approximate factorization techniques, leading to an implicit 
finite difference scheme. 

The simulation in the numerical prediction system consists of 
several steps: bathymertic mapping, wave deformation, and 
near-shore wave-induced circulation. The first step shows the 
seafloor relief as contour lines and provides navigational 
information on the underwater depth at Haeundae Beach. The 
second step consists of a wave transformation model that 
predicted the change in the wave height and the direction from 
deep water to shallow coastal water by using a hyperbolic mild 
slope equation derived by Lee and Lee (2001). The third step 
was a phase-averaged shallow water model that was used to 
predict a wave-induced current in coastal water. Lee’s (1993) 
model was applied in this study, and the flow velocity and the 
water level due to tide-induced combined flow were determined 
by solving depth-integrated equations of mass and motion (Lee, 
Liu, and Teng, 2004). 

 

 

 
Figure 4. Flowchart of HAECUM.
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The forcing terms in this model included the surface pressure, 
the surface shear stress due to wind, the bottom friction, Coriolis 
effects, and tide potential. The flow velocity was influenced by 
the tides, wave-induced current, and free surface flow resulting 
from waves. The radiation stresses were fed back into the 
circulation model in order to calculate the wave-induced current, 
and the model was then solved by using a fractional step method 
in conjunction with the approximate factorization techniques, 
leading to an implicit finite difference scheme. This numerical 
prediction system simulation consists of several steps: 
bathymertic mapping, wave deformation, and near-shore wave-
induced circulation. The outputs from the system were viewed 
as combined current vectors to facilitate decision-making by 
emergency management officials. Figure 4 shows the flowchart 
of the HAECUM numerical model system, which has been 
written in a modular manner with two sub-models, including a 
wave model that uses radiation stress and a current model. 

 
Automated HAECUM System 

Automatic HAECUM was written using the Matlab CUI 
(Characteristic User Interface) for LINUX. HAECUM 
automatically uses wave and wind data. (Lee and Lee, 2001). As 
shown in Figure, the flowchart of the numerical model system 
(HAECUM) had a user input at the time to predict the use wave 
(height, direction, and period) and wind data from the KMA 
CWW3 forecasted data for the depth, wave, wind, tide data, take 
the wave, and littoral current in the numerical prediction system 
simulation. The littoral current numerical prediction system 
simulation shows the results saved in the data file of the results 
of the simulation in the GUI, as shown in Figure 5.  

The user can view, explore, and print data from the  
 

 

 
Figure 5. Flowchart of HAECUM.

 

results of the numerical prediction system and can find 
important data to explore on the window. Finally, the user can 
monitor the results of the simulation current in the CUI 
environment, as shown in Figure 5. 

HAECUM is based on the Matlab GUI (Graphical User 
Interface) for Windows, as shown in Figure 6 where 6-phase 
HAECUM is in operation. The flow for HAECUM is based on 
the Matlab GUI results data and is automatically calculated and 
linked. HAECUM shows four levels for the forecast of a rip 
current, as shown in Figure 7. The first step is ‘Concern,’ which 
is the safest step, the second is ‘Cautious,’ next step is 
‘Dangerous,’ and the final step is ‘Fatal.’ This forecasting model 
can then be used to establish controls in Haeundae Beach. These 
steps are usually displayed as numbers ordered from 1 to 4 with 
1 as ‘Concern’ and 4 as ‘Fatal,’ as in Figures 8 and Figure 9. 
Figure 8 shows the forecast results from the 19 to 21 August 
2014. Figure 9 show the HAECUM risk forecast results in 2014 
and the Haeundae monitoring result. Table 1 compares the 
forecast results and monitor results, showing the reliability of 
HAECUM. 

 

 

 

Figure 6. Phased HAECUM operating.

 
 

 

 

Figure 7.  Four steps of forecasting rip current (concern, cautious, 
dangerous, fatal).
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Figure 8. Risk forecast results of HAECUM (19 ~ 21 August 2014).

 
 

 

 

Figure 9. Compared HAECUM results and Haeundae Beach CCTV 
monitoring research in 2014.

 

 
CONCLUSIONS 

To provide a user-friendly simulation for rip currents, a 
forecasting system had been built in the form of a software 
package called HAECUM. HAECUM was based on Matlab CUI 
(Characteristic User Interface) for LINUX and GUI (Graphical 
User Interface) for Window. Automated HAECUM was based 
on Matlab. HAECUM automatically used wave and wind data. 
To predict wave-induced currents for the sake of public safety, 

coastal flows and waves were produced at each time step and 
grid point by means. To verify the accuracy of the HAECUM 
model, we compared rip current occurrence data with the results 
of the HAECUM simulation with incident wave conditions 
supplied by the KMA. In 2014, reliability of HAECUM is lower 
than other times Haeundae Beach topography is changed by 
building offshore breakwater, submerged breakwater and beach 
nourishment in 2014. HAECUM need to update Haeundae 
Beach topography. Current forecasting system is operated to 
other places, Jungmun Beach in Jeju, and Naksan Beach in 
Yangyang. Automated forecasting system is planned to build 
about Jungmun Beach and Naksan Beach, stand on the basis 
automated HAECUM. 
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Contents 2012 2013 2014 

Reliability 72% 75% 76% 
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ABSTRACT 
 
Bradstreet, A.J.; Brander, R.W.; McCarroll, J.R.; Brighton, B.; Dominey, H.D.; Drozdzewski, D.; Sherker, S.; Turner, 
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Advances in applied rip current research over the past 10 years have dramatically increased our collective 
understanding of the hazard posed to communities by rip currents. Repeated drifter, dye, swimmer, in situ 
instrumentation, and model experimentation has demonstrated the highly variable nature of rip currents, which has 
significant implications for long standing survival strategies. Analysis of prevalent rip current survival advice 
revealed that under variable rip current conditions, the advice may not prove effective in-situ, resulting in individual  
adopting alternative behaviours, which may or may not have been endorsed or promoted by safety authorities.  This 
paper discusses evidence supporting key principles prominent in the discourse between public safety practitioners 
and rip current researchers, and presents how these principles relate to each other in practice. The principles are set 
into two categories: avoidance and survival. They have been developed to support consistent engagement, education 
and communication strategies for community resilience and further reduce the burden of rip current related drowning 
globally.  
 
ADDITIONAL INDEX WORDS: Rip currents, survival methods, principles, public education, social marketing, 
communication, public safety, drowning prevention, injury prevention, drowning, key messages. 

 
 

INTRODUCTION 
Rip currents are strong, narrow seaward flows of water that 

occur on any beach that experiences waves breaking across a 
wide area (MacMahan et al., 2011; Short, 2007). They present a 
significant hazard to swimmers in the surfzone with the majority 
of surf beach drownings and rescues occuring in the presence of 
a rip current (Brighton et al., 2013). The relationship between 
rip currents and wave action in the surf zone provides a dynamic 
environment for the beachgoer that can be compounded by a 
series of hazards working together (Scott et al., 2009). 
Conventional understandings of rip current hydrodynamic 
behaviour stem from research undertaken in the 1940s-1950s 
(Inman and Quinn, 1952; Shepard, Emery, and La Fond, 1941; 
Shepard and Inman, 1950). More recent research investigating 
their Lagrangian flow behaviours indicates they do not simply 
flow offshore as previously accepted, but rather form regularly 
circulating eddies that vary in velocity magnitude,  
 

shape, and orientation (MacMahan et al., 2010; McCarroll et al., 
2013; Reniers et al., 2009; Scott et al., 2012). 

The recent advancements in our understanding of rip current 
flow behaviour (MacMahan et al., 2010), and the quantification 
of success rates for various responses (McCarroll et al., 2013) 
provide an opportunity for beach safety practitioners to review 
rip current survival principles that underpin community 
education and communication campaigns. This paper aims to 
discuss the evidence supporting key principles that have been 
prominent in the discourse between public safety practitioners 
and rip current researchers, and present how these principles 
relate to each other in practice. The principles are set into two 
categories: avoidance and survival. 

 
AVOIDANCE PRINCIPLES 

The lack of understanding, complacency and/or 
overconfidence in ones ability make rip currents dangerous. 
These factors can be overcome by improving beachgoers 
awareness of rip currents, motivating them to swim at patrolled 
location (i.e. between the red and yellow flags),  and increasing 
their ability to identify them –a  person is less likely to drown if 
they avoid exposure (Brander and MacMahan, 2011). An 
increase in understanding can also provide an incentive to swim 
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in designated areas such as between the red and yellow flags, 
which are placed in a safer location by the lifeguards (Surf Life 
Saving Australia, 2009). There are two commonly accepted 
methods to avoid rip currents described in these principles: 
recognising and avoiding rip currents, and swimming between 
the red and yellow swimming area flags as described in Figure 1. 

It should be noted that not all lifeguard services worldwide 
employ the red and yellow flags, in these cases, swimming in 
the presence of lifeguards and following the warning signage 
would be substituted. 

 

 

 
Figure 1. Interrelationship between the rip current avoidance principles. 

 
 

Principle 1 – Seek Information 
Learn about rip rurrents, including how to identify and avoid 

them before you go to the beach.  
Studies have shown that rip current identifcation amongst 

beachgoers is generally poor (Sherker et al., 2010; Caldwell, 
Houser, and Meyer-Arendt, 2013; Brannstrom et al., 2014). It 
has also been suggested that beachgoers may be unlikely to 
identify rip currents in their various forms following basic face 
to face education   (Fletemeyer and Leatherman, 2010). Face to 
face education is also an expensive method of communication 
compared to mass communication mediums and channels. This 
situation is   challenging for educators, to overcome it they need 
to provide relevant information that will influence beachgoers 
decisions, through the most efficient and effective means 
available.  

Although encouraging people to swim near a lifeguard or 
between the red and yellow flags remains a key principle 
elaborated on further under principle 2, only a small percentage 
of beaches are patrolled at any one time in most countries, so 
supplementing this message with additional information is 

essential (Hatfield et al., 2012). Beachgoers with basic 
knowledge about rip currents are also significantly more likely 
to avoid swimming in rip currents (Sherker et al., 2010). The 
premise of seeking information about rip currents before 
travelling to the beach, reinforces the need for people to take 
personal responsibility for their safety (Drozdzewski et al., 
2014) 

The most frequent rip current type coastlines are the fixed or 
beach rip current, which have been described as occupying 
deeper channels between shallower sandbars and appear as calm 
areas between breaking waves (Short, 2007). Although the high 
degree of variability in the appearance of rip currents has led 
some to suggest that swimmers could identify rip currents using 
current signage and information, this is suggestion is 
problematic, overly optimistic and even unrealistic (Fletemeyer 
and Leatherman, 2010). In contrast, pilot studies attempting to 
educate swimmers how to identify rip currents utilising a video 
based campaign have proven effective (Hatfield et al., 2012). 
Despite concerns that current efforts may not be as effective as 
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desired, the potential impact of education and awareness 
interventions alone justifies this principle.  

 
Principle 2 – Swim Between the Red and Yellow Flags  
(OR Near a Lifeguard - Dependent on Location) 

Avoid rip currents by always swimming between the red and 
yellow flags. 

This principle works on the assumption that no water is ever 
completely free from risk, thus swimming under the supervision 
of lifeguards provides an additional protection mechanism for 
the swimmer. This advice is well accepted internationally by 
water safety practitioners and was incorporated into the 
International Open Water Drowning Prevention Guidelines 
(Seattle Children’s Hospital, 2012). A swimmer in distress 
would beneift from being in the immediate vicinity of the flags 
area should a flash rip impact on the zone.  Lifeguard training 
manuals also indicate that flags should not be placed on a 
sandbar to reduce the influence of rip currents on bathers 
(SLSA, SLSNZ, RNLI. This principle also receives significant 
support from academics investigating rip current survival who  
refer to an avoidance approach being superior to escape and 
survival advice (Miloshis and Stephenson, 2011; Hatfield et al., 
2012; Fletemeyer and Leatherman, 2010). While the promotion 
of the red and yellow flags may be effective locally (Klein et al., 
2003), not all beaches are patrolled all the time, and further 
information will need to be provided to attempt to reduce 
drownings that occur outside of the flags (Hatfield et al., 2012). 
In Australia, where the red and yellow flag system operates 
nationally and holds a 96% awareness rate, 60% of individuals 
indicated that they swim outside of the flags some of the time 
(Newspoll. or better reference NCSR). This data is reinforced in 
drowning statistics that indicate over 80% of drowning deaths 
occur more than 1km from a lifesaving service (NCSR, 2012). 
Swimming outside of the red and yellow flags increases the 
likelihood of being caught in a rip current (SLSA, 2009). 

 
SURVIVAL PRINCIPLES 

Largely informed by a traditional understandings of rip 
current geomorphology, a review of publicly available rip 
current survival advice around the world generally consists of 
variations of 4 common points: (1) do not panic, (2) do not 
swim against the rip, (3) escape the rip by swimming parallel to 
the beach and (4) stay afloat and signal for help (Brander and 
MacMahan, 2011).  

There has been a historical bias of rip currents being 
identified as the jets that move seaward of the surf zone. Based 
on this view, the recommendation developed to swim parallel to 
the beach. Recent research results using drifters within the surf 
zone show a circulation pattern in the breaking waves, which 
differs from the historical view and caused debate amoung 
researchers and safety practitioners regarding safety advice and 
messaging (MacMahan et al., 2010).  

Since initial claims by MacMahan et al. elevating the 
viability of floating as a survival response as well as an energy 
conserving mechanism until rescue, significant research effort  
has investigated, replicated and advanced the methodology of  
MacMahan (Brander et al., 2011; McCarroll et al., 2013; Scott 
et al., 2012). The principles provided in Figure 2 aim to 

synthesis the recent evidence into a robust suite of interrelated 
survival principles.  
 
Principle 3 – Conserve Your Energy and Consider your  
Options 

This approach has been proposed as more practical advice 
than the traditional ‘stay calm and don’t panic’ advice 
commonly recalled by rip current survivors (Drozdzewski et al., 
2012). A considerable risk for anyone caught in a rip current is 
to rapidly expel energy to the point of exhaustion while trying 
to escape, which can often lead to drowning (Fletemeyer and 
Leatherman, 2010). Recent studies have indicated that 
regardless of the response chosen to survive or escape the rip 
current, the process of deciding what to do is likely to take 
multiple minutes, therefore energy expenditure throughout this 
process must be managed, and energy should be conserved 
wherever possible (McCarroll et al., 2013). This scenario 
further emphasises the importance of survival strokes rather 
than sprint swimming if the person chooses to adopt an active 
approach as described in the survival principles. This principle 
is a common precursor to multiple responses (seeking help, 
floating with the current and swimming parallel to the beach) 
that could be adopted either in isolation or in combination until 
successfully removed from the rip current. 

 
Principle 4 – Stay Calm and Seek Help 

If you need help, stay calm, float and wave to attract attention. 
In the event that a person has little or no aquatic skills to 

either swim or float comfortably, they will require assistance. 
Those with self reported poor swimming ability are more likely 
to signal for assistance when caught in a rip current 
(Drozdzewski et al., 2014). Ensuring people understand that 
waving is a recognised signal for ‘assistance required’ helps this 
process, to encourage them to attract attention of other beach 
users who may be able to render assistance. 

Although statistics for bystander rescues are not commonly 
held by lifesaving institutions, research into rip current 
survivors experiences identified that 11% of those surveyed 
were rescued by another person who was not a lifeguard, 
compared to only 6% who were rescued by lifeguards 
(Drozdzewski et al., 2012). Based on the evidence elaborated 
further under principle 5, this approach also provides a 
possibility that the rip current flow may return the person to the 
relative safety of a shallow sandbar during the process of 
seeking help (Brander and MacMahan, 2011).  

 
Principle 5 – Float 

Stay calm, floating with the rip current may return you to a 
shallow sandbar.  

Traditionally, floating has been promoted in institutional rip 
current safety messaging as an energy conservation mechanism 
while awaiting assistance, and it still retains this inherent 
advantage of conserving energy when adopted as a conscious 
response (Brander and MacMahan, 2011). However, recent 
lagrangian measurements of open-coast accretionary rip 
currents using GPS-equipped drifters found that rip current 
circulation patterns are primarily confined to the surfzone, with 
approximately 20% of drifters exiting the surf zone per hour in 
episodic bursts (Dayrymple et al., 2011; MacMahan et al., 
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2010).  These findings imply that a bather who stays afloat in a 
rip current has a high probability of recirculating back to the 
relative safety of the adjacent sandbar (Brander and MacMahan, 
2011). This is also consistent with 18% of survivor responses 
who indicated that they self escaped rip currents by drifting or 
floating with the rip current (Drozdzewski et al., 2012). Studies 
that utilised human floaters equipped with GPS transmitters in 
situ demonstrated that floating in a rip current successfully 
returned people back to an adjacent sandbar 68% of the time, 
though it is worth noting many of the failures in this experiment 
occurred in topographic rip currents (McCarroll et al., 2013). 
Several studies have endorsed the floating strategy based on; (1) 

a high probability of recirculation (MacMahan et al., 2010), 
and/or (2) the dismissal of surf zone exits as a negative outcome 
(Milhosis and Stephenson, 2011), and/or (3) the hypothesised 
risk of swimming against an alongshore current while 
swimming parallel to the beach. A more recent study has 
provided empirical evidence to quantify the hazard posed by 
swimming parallel, and also proven that floating is not a 
superior escape strategy in all scenarios such as those related to 
topographic rip currents (McCarroll et al., 2013). This holistic 
analysis of the evidence concludes that floating is a viable 
response, when used in combination with regular reassessment 
of progress and adoption of an alternative when necessary.  

 

 
Figure 2. Interrelationship between the rip current survival principles.

 
 
Principle 6 – Swim Parallel 

Stay calm; you may escape a rip current by swimming 
parallel to the beach.  

Swim parallel to the beach has traditionally formed a 
significant part of rip current safety messaging based on early 
rip current research that developed into the dominant paradigm 
over 60 years (Shepard et al., 1941; Shepard and Inman, 1950; 
Inman and Quinn, 1952). Following the research of MacMahan 
et al. (2010) a debate between public safety practitioners and rip 
current researchers ensued, which initially investigated whether 
one response, either float or swim parallel, was superior and 
therefore should be favoured over the other (Brander and 
MacMahan, 2011). Proponents of floating cited the possibility 

of swimming against a longshore current as a significant hazard 
posed to the swimmer choosing to swim parallel to the beach 
(Miloshis and Stephenson, 2011). By utilising swimmers 
equipped with GPS transmitters, researchers were able to 
quantify the risk posed by the longshore currents; of those 
swimming parallel to the beach in a range of conditions 88% 
successfully reached the adjacent sandbar (McCarroll et al., 
2013). Although one direction was typically faster, the average 
time of a successful swimming parallel escape was 
approximately 2 minutes (StdDevSwim = 1 min), compared to a 
4 minute timeframe (StdDevFloat = 2.5 min) for a successful 
float escape (McCarroll et al., 2013). Although swimming is 
hypothesised to be more energetically demanding than floating 
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(McCarroll et al., 2013), the prospect of floating for several 
minutes while floating offshore may be more result in increased 
anxiety that can also have significant physiological effects 
(Brander et al., 2011; Drozdzewski et al., 2012). Research 
investigating topographic rip currents was more conclusive that 
swimming parallel should be promoted over floating, however 
the results are not as conclusive in beach rip currents where 
longshore currents could have a significant impact on rates of 
success (McCarroll et al., 2013). This holistic analysis of the 
evidence concludes that swimming parallel to the beach is a 
viable response, when used in combination with regular 
reassessment of progress and adoption of an alternative when 
necessary. 

 
Principle 7 – Regularly Reassess the Situation 

If your response is ineffective, stay calm and consider an  
alternative response. A combination may be required to get out 
of the rip current.  

Despite several geomorphologic researchers declaring 
preferences for one response, be it either float or swim parallel 
over recent years, they invariably also apply caveats outlining 
the variable nature of rip currents will mean that their findings 
are unlikely to be universally applicable (Milhosis and 
Stephenson, 2011; Brander et al., 2011; MacMahan et al, 2010). 
The broader commentary on the debate highlights that many do 
not believe that there will be a ‘winner’, and that no silver bullet 
exists to advise the public how best to respond to being caught 
in a rip current in a single, simple  

phrase, noting that both ‘floating’ and ‘swimming parallel’ 
can work but are equally flawed (Brander and MacMahan 2011; 
Brander et al., 2011; McCarroll et al., 2013). Furthermore, 
research into the behavioural responses and experiences of 
swimmers caught in rip currents has highlighted a broad range 
of context specific factors that will influence their response 
including swimming ability, history of swim training, age, type 
of beach they visited, and recollection of beach safety messages 
(Drozdzewski et al., 2012). McCarroll et al. (2013)  specifically 
identified the need to regularly reassess progress of any 
response, and make decision in situ to maintain the same action, 
or adopt an alternative action based on their perception of 
progress towards escape (McCarroll et al., 2013). Some 
idealised scenarios of this choice based matrix for swimmers 
undertaking two reassessments during a single episode are 
provided in Table 1. 

Reassessing the situation in situ can prove problematic, and is 
not without its limitations. Since people are constantly moving 
through the flow pattern of a rip current the situation changes, 
and an initial response to swim one direction near the shoreline 
in a circulating rip current that may initially be self-assessed as 
failing, may become beneficial as they progress into the outer 
arc of the circulation pattern.  

 
Principle 8 – Return to Shore 

This principle entails three components: (1) returning to shore 
with the assistance of a rescuer, (2) returning to the shore by 
swimming or walking over a sandbar following a successful 
floating or swimming parallel escape, or (3) swimming onshore 
only when recirculation prevents you from maintaining footing 
on a sandbar, but passes you closer to the shoreline on the 

landward side of the circulation pattern. The first of these 
follows a logical response following a successful escape, and 
encourages the person to follow the sandbar back to shore 
commonly identified by the white water and breaking waves, 
however the second is significantly more controversial based on 
current safety advise and requires further investigation. 

A consistent component of traditional rip current safety 
advice has been to never swim against the rip current (Brander 
and MacMahan, 2011). 

Cautioning swimmers not to swim against any current 
remains important, since it can quickly lead to exhaustion, 
though the commonly accepted convention that swimmers 
should never swim directly towards the shoreline may need to 
be reconsidered since this advice was based on the original rip 
current understandings describing a rip current flow directly 
offshore (Inman and Quinn, 1952; Shepard, Emery, and La 
Fond, 1941; Shepard and Inman, 1950).   

Taking into consideration recent research indicating 
circulating rip currents could be more prevalent than previously 
considered (MacMahan et al., 2010; Miloshis and Stephenson 
2011; Scott et al., 2012; McCarroll et al., 2013), swimming 
directly onshore when  close to the shoreline across the  long 
shore section of the circulating current becomes the optimal 
response before undergoing another circulation (McCarroll et 
al., 2013). This approach is cautioned against promotion by 
practitioners at this stage considering the relatively small 
sample size included in the McCarroll et al. studies, though 
should be an area of future investigation, discussion and 
monitoring by researchers and beach safety practitioners 
(McCarroll et al., 2013). There is also a high risk of creating 
confusion in the population by promoting this approach for 
what could be limited circumstances.  
 

IMPLEMENTATION AND COMMUNICATION 
The noted disconnects between academics and beach safety 

practitioners identified at the 1st International Rip Current 
Symposium in 2010 have improved significantly by holding the 
second symposium, and the establishment of the International 
Life Saving Federations RIPSAFE Committee (ILS, 2012). The 
improvements in communication pathways between the two 
sections have been instrumental in conducting oresearch since 
2010, and the translation of this research into practice. This 
paper has been intended to help address a lack of consistency in 
rip current safety advice, particularly following a period of 
significant research. Should the principles identified in this 
paper be adopted by a water safety institution, the next 
challenge becomes how to communicate these principles 
effectively. 

It is acknowledged by the authors that the survival principles, 
and their interrelationship between each other, is not a simple 
process and successful implementation of the principles requires 
a series of high level aquatic, perceptive and cognitive skills. 
The communication of these complicated concepts and 
development of skills requires a longer period of time to 
adequately ensure comprehension of the concepts to the public, 
and is more suited to a face to face education program that 
reaches a smaller percentage of the population (O’Neil, 2004).  

Conversely the concepts of the avoidance principles are much 
more simplistic, and are able to be summarised in shorter 
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phrases such as “swim between the flags to avoid rip currents”. 
These phrases are more suitable for promotion in a social 
marketing campaign that can communicate simple concepts to a 
larger percentage of the population. During periods of 
heightened risk of rip current or dangerous surf conditions, the 
importance of forecast conditions and warning communication 
cannot be underestimated. These communication techniques are   
simple advising individuals to manage their own hazard 
exposure and avoid the water.  

By moving into a period requiring dissemination of the 
principles, beach safety practitioners may utilise the specific 
skill sets of education, communication and marketing experts to 

assist in the framing of messages and campaigns for broader 
public consumption. With the additional inclusion of these 
experts, there also comes the risk of disconnects occurring. A 
proactive approach is required by academics and beach safety 
practitioners to engage and work with communication experts 
and marketers, rather than simply outsourcing design and 
development. An analysis of connections between stakeholders, 
and the potential for disconnects that may impact on 
effectiveness of initiatives is provided in figure 3, which 
elaborates on previous models (Brander and MacMahan, 2011). 

 

 
Table 1. Various idealised response sequences leading to successful rip current escape. 
 

 
 

Swimmer Initial Reaction Reassessment 
Considered 

action 
Reassessment 

Reconsidered 

action 
Return to shore 

1 

Float Floating at an 

angle towards 

sandbar. 

Float. Floating 

alongshore 

towards sandbar. 

Float.  Regain footing, 

walk back to 

shore. 

2 

Swim parallel 

(south) 

No progress 

made. 

Swim parallel 

(north) 

Significant 

progress made. 

Swim parallel 

(north) 

Regain footing, 

walk back to 

shore. 

3 

Swim parallel 

(south) 

No progress 

made. Tiring. 

Float. Wave an 

arm to attract 

attention. 

Surfers/Lifeguar

ds  cited en route 

to assist. 

Float. Return to shore 

with assistance 

of 

lifeguards/surfer

s 

5 

Swim parallel 

(south) 

No progress 

made. Tiring. 

Float. Exited the 

surfzone. 

Swim parallel to 

the beach and 

towards the 

breaking waves.  

Return to shore 

with the 

breaking waves. 
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Figure 3. Connectedness in the development, dissemination, monitoring and evaluation of rip current avoidance and survival principles.

 
 

CONCLUSIONS 
The water safety community has benefited significantly from 

a renewed focus on collaboration between researchers and 
practitioners following the 1st International Rip Current 
Symposium, 2010. An unprecedented amount of research has 
been produced with direct relevance for the development of 
evidence based rip current safety advice. With evidence 
supporting a paradigm shift in our primary understanding of rip 
current behaviour, stakeholders must now move into the next 
phase to translate the available evidence into a set of rip current 
survival principles which will inform intervention strategies.  
The rip current avoidance and survival principles outlined in 
this paper are intended to be the first attempt to analyze and 
define all of the available information from a public safety 
practitioner perspective in partnership with rip current scientists. 
It is not intended that these principles will necessarily form the 
explicit key messages for all rip current interventions; however 
they should be considered carefully in the development of any 
intervention. Several mechanisms have been established to 

promote ongoing collaboration, further discussion, 
redevelopment and/or maintenance of these principles including 
the International Life Saving Federation RIPSAFE Committee, 
and the International Rip Current Symposiums. This ongoing 
dialogue between stakeholders for the improvement of the 
principles is encouraged and supported by the authors. 
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There have been major advances in defining the nature of rip currents and how to communicate this threat to the 
public. The 3rd International Rip Current Symposium built upon previous professional gatherings and further 
advanced our understanding of these dangerous currents.  It is an exciting time to be working in a coastal science that 
is rapidly developing and evolving with such importance to public safety at the world’s foremost recreational areas—
surf beaches. 
 
ADDITIONAL INDEX WORDS: Rip current, rip types, beach safety, rip hazards, rip hazard communication. 
 

 
INTRODUCTION 

   Rip currents are the greatest threat at surf beaches worldwide, 
yet these largely invisible killers are little understood or 
recognized by the general public. A series of international 
symposia have been organized to provide a forum for the 
world’s foremost rip current scientists and drowning prevention 
practitioners as well as provide the most up-to-date information 
about these life-threatening currents to the media and public.   
   The 1st International Rip Current Symposium was convened in 
Miami, Florida in 2010. More than 100 coastal scientists, 
engineers, forecast meteorologists, lifeguard chiefs, and other 
beach safety practitioners from ten countries participated in this 
conference. This symposium focused on identifying the major 
advancements in rip research and communicating the threat to 
the public through various outreach programs. Emanating from 
this seminal symposium was the first book on this subject “Rip 
Currents: Beach Safety, Physical Oceanography and Wave 
Modeling” that was published by CRC Press International in 
2011. 

The 2nd International Rip Current Symposium was hosted by 
Surf Life Saving Australia (SLSA) and held in Sydney, 
Australia in 2012. The program featured a blend of lifesaving 
organizations and academic institutions with 14 countries 
represented. Session themes included physical science, human 
behavioral science, beach hazard management, and public 
education. As part of this symposium, a rip current at a local 
beach was infused with purple dye that clearly delineated the 
path of this concentrated seaward flow through a break in the 
sand bar.   

There has long been a recognition that rip currents can be  

 
formed in several ways with terminology such as “low energy”  
and “high energy” as well as “fixed” and “permanent” being 
used to describe these different rip types. While valuable 
scientifically, beachgoers do not relate to or understand this 
vocabulary. More recently, it has been suggested that descriptive 
terminology be used to promote better public understanding; 
five rip types have been described:  bar-gap rips, cusped-shore 
rips, structurally-controlled rips, flash rips, and mega-rips 
(Leatherman, 2013).   
 

RIP CURRENT IDENTIFICATION  
Rip currents kill more people annually in the United States on 

average than hurricanes, sharks or lightning (Figure 1), yet 
beachgoers, especially visitors and tourists from non-coastal 
areas, have little to no knowledge of rip currents. While large 
waves (e.g., 2 m) are apparent and feared by most bathers, many 
people do not even know that currents exist, much less that they 
can be dangerous and life threatening.   
     Along the U.S. East and Gulf Coasts, many rips are generated 
by persistent, onshore winds. In fact, the two most important 
factors in the National Weather Service rip current forecasts 
(LURCS Index) are wind speed and direction. Rips generated 
under these conditions in South Florida are often difficult to 
detect in the confused seas and tend to be ephemeral in nature, 
termed flash rips. However, ocean swells that are generated by 
offshore storms can result in strong rips even on “Chamber of 
Commerce” weather days. For instance, Hurricane Bertha in 
July 2008 resulted in seven rip drownings along the south shore 
of Long Island, New York during a beautiful, calm, sunny 
weekend; this tropical system was located near Bermuda, more 
than 1,200 km offshore. Obviously, calm winds are not 
necessarily associated with safer ocean conditions. Swell-
generated rips in South Florida are easy to identify by the 
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trained eye of a lifeguard, but they often contain little to no 
sediment so they are invisible to the general public. 
 

 

 
Figure 1. Rip currents are clearly the major hazard at surf beaches. 

 
 
The Southern California coast is very popular for surfers 

because of the swell-type waves, and these waters are also 
frequented by many bathers and swimmers. Large swells 
generate powerful rip currents, which are generally well 
marked by the turbid water moving rapidly offshore.  
However, this is not always the case as shown by photos 
provided by the Huntington Beach lifeguards (Figure 2).  
Tracer dye is being effectively used in Australia to 
demonstrate the presence of rips (Brander and MacMahan, 
2011).  Fluorescent dye balls have been used at Miami Beach, 
Florida to train new lifeguards about how to detect rip 
currents and for public demonstrations (Leatherman, 2013). 

 

 

 
Figure 2. Rip current at Huntington Beach, California, is not apparent 
to beachgoers. 

 

RIP HAZARD COMMUNACATION 
The standard approach of warning the public of beach hazards 

is signage, flags and life guards (Leatherman, 2003).  Lifeguards 
have been shown to be highly effective in preventing drowning, 
but the preponderance of U.S. beaches do not have lifeguards 
because of the high cost. Also, many bathers enter the water 
during the summer after the lifeguards are gone (e.g., typically 5 
PM or 6 PM).  Red flags and warning signs are often ignored as 
attested to by the number of drownings and are thus insufficient 
to keep the public safe (Brander and MacMahan, 2011).   

 Public education and awareness have been significantly 
improved by TV meteorologists providing the threat level for 
rips (e.g., low, medium or high) in their nightly forecasts.  Just 
the mentioning of rip currents raises the awareness of the 
general public. Campaigns, such as “Break the Grip of the Rip” 
by the National Weather Service, have probably had little 
effectiveness in U.S. rip hazard communication because of 
infrequent announcements and spotty promotion of beach safety 
by the federal government, albeit no statistical measurement has 
been made.      

 Rip current education and outreach needs to be visual and 
engaging, utilizing social media and technology, such as 
YouTube, Facebook and Twitter. Videos that explain rip 
currents and show them in action are especially instructive in 
informing beachgoers about the threat of this hazard and how to 
escape these dangerous, offshore-flowing currents at surf 
beaches. One such video, “Beach Rips:  Killer Currents,” 
illustrates with photos that all rip currents are not alike, shows 
rip currents in action as delineated by fluorescent dye, and 
utilizes computer simulations to explain how to escape these 
life-threatening currents (www.ripcurrents.com).    

 There is an array of factors that determine the level of risk 
and outcome at surf beaches (Table 1). Rip activity is largely 
controlled by wave characteristics, especially height and period.  
Bather load is related to weather and timing (e.g., day of week 
and holidays). Safety precautions involve both human factors 
and pro-active approaches. Personal behavior, especially 
consumption of alcohol, is problematic on many “party” beaches.  
All of these factors together determine the outcome—prevention, 
rescue or drowning (Table 1). 
 

CONCLUSIONS 
Lifeguards are the obvious answer to significantly lower 

the loss of life from rip currents, but the cost is high and the 
U.S. shoreline is very long. For instance, Florida has more 
than 1,300 km of sandy beaches, and the cost of staffing 
lifeguards at regular intervals along the shore can cost a 
million dollars or more per kilometer. Flags, signs and written 
materials are useful, but generally not sufficient in alerting the 
public. Ballantyne, Carr, and Hughes (2005) noted that 
“Awareness of rips and their potential dangers is worthless 
without an ability to recognize them, as only the latter can 
help to avert unsafe behavior.” Additional pro-active beach 
management approaches need to be employed to stem the tide 
of rip drowning in the United States and elsewhere. 
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ABSTRACT 
 
Park, S.S.; Rhim, Y.T.; Kim, M.J.; Kim, S.K., and Yoo, J.I., 2014. The influence of perceived risk on participation 
motivation and re-participation intention in marine sports. In: Lee, J.L.; Leatherman, Stephen P., and Lee, J. (eds.), 
Proceedings, 3rd International Rip Current Symposium (Busan, Republic of Korea). Journal of Coastal Research, 
Special Issue, No. 72, pp. 96–100. Coconut Creek (Florida), ISSN 0749-0208. 
 
The purpose of this study was to identify the influence of perceived risk on participation motivation and intention for 
re-participation amongst marine sports participants. To achieve this purpose, the established path among 
measurement items and analyzed self-administrated surveys collected from 300 marine sports club members were 
analyzed using SPSS and AMOS as follows. First, both exploratory and confirmatory factor analysis were conducted 
to examine the reliability and validity of scale and to descriptive statistics. Second, multi group analysis was 
conducted to examine if there was a significant difference in the established path model between sexes. Third, both 
correlation and multiple regression analysis were conducted to examine the inter relation among measurement items 
of the established path. Forth, path analysis was conducted to examine the path of established study model. The 
results were as follows. First, the structure of each measurement item was confirmed. Second, there was significant 
difference in established path model between sexes.  There were significant differences in participation motivation 
and intention to re-participate between sexes, higher in men, but no significant difference in perceived risk. Third, 
there is a significant positive or negative correlation among each measurement item. Forth, perceived risk has a direct 
influence on participation motivation (direct effect= -.33), and participation motivation has a direct influence on re-
participation intentions (direct effect= .56). As a result, this research shows that the lower the perceived risk, the 
higher the participation motivation and the re-participation intention in marine sports.  
 
ADDITIONAL INDEX WORDS: Perceived risk, participation motivation, re-participation, marine sports. 
 

 
INTRODUCTION 

As modern people have more opportunities to participate in 
sports activities, they want to enhance their health and quality of 
life, rather than spend simple leisure time through sports 
activities. To meet these needs, sports activities are changing 
into forms involving more diverse physical activities and 
dynamic participation from those that focused on static visual 
and auditory satisfaction. Of diverse physical activities, leisure 
sports come into the spotlight for the purpose of releasing stress, 
maintaining health and building social relationships. Among 
leisure sports, more and more Korean people are participating in 
marine leisure sports, taking advantage of the favorable 
geographical characteristics of the nation, which is surrounded 
by water on three sides. In addition, it is reported that the 
Korean marine sports industry has growth potential (Park and 
Kim, 2002). So far, studies regarding marine sports have in 
general limited themselves to industries related to marine sports 
(Lee, 2004; Lee and Choi, 2003; Park, 2000), marine policy  

 
(Cho, Shin, and Son 2004; Ham, 2005) and such. Therefore, a 
few studies have paid due attention to the behaviors of marine 
sports participants from user’s point of view.      

Modern people find their needs met through direct 
participation in marine sports, which are environmentally-
friendly, and the number keeps growing. Moreover, marine 
sports participants report that they positively perceive marine 
sports as giving them pleasure and contentment in their behavior 
as well as satisfying their individual needs, so that they keep 
participating in the sports (Rhim and Yoo, 2010). However it 
has been explained that the risk involved in marine sports has a 
negative impact on their emotions as well as participatory 
behaviors. In particular, marine sports participants are limited in 
their participatory motivation and intention of repatriation due to 
frequent marine accidents in recent times. 

Therefore, it can be said that the perceived risk involved in 
marine sports by participants has a negative impact on their 
motivation to participation in the sports. In this respect, the 
present study aims to establish the influence of perceived risk 
(by the participants) in marine sports on participation motivation 
and re-participation intentions in marine sports. The findings of 
this study will contribute to invigorating the base of the 
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participants in marine sports and diversifying the types of the 
sports available. 

 
METHODS 

Research Objects 
The samples were selected from the population of marine 

sports participants, using the convenience sampling method. 300 
samples had originally been selected and a total of 297 samples 
were used for analysis after excluding 3 due to insincere 
responses and omissions in the survey.   

The demographics of the final samples show that they consist 
of 174 males and 123 females. Of them, 221 are regular marine 
sports participants while the rest are irregular participants in the 
sports. By type of marine sport, they participate in windsurfing 
(N=75), yachting (N=40), water-sking (N=102) and skin-scuba 
diving (N=80). The frequency of participation, 214 participate in  
marine sports activities once or twice a week and 83 participate 
three or four times a week. The span of their sports career is 
based on the responses and the research objects that are 
described in their demographic distinctions and employed the 
grouping method introduced in the book “Disjunction of Median” 
which can be used for ordinal and interval scale.  

Measurement Scale and Data Collection 
A variety of marine sports participants, including windsurfers, 

sailors, water-skiers and skin-scuba divers, were set as the 
population in this study. And samples were selected by a 
convenience sampling method. Data was collected, based on 
perceived risk scale, sports participation motivation scale and re-
participation intention scale.   

Data Analysis 
After data had been collected, 3 respondents were excluded 

from analysis due to their insincere responses or error in their 
response. With SPSS (Version 18.0) and AMOS (Version 18.0), 
the collected data from a total of 297 participants were analyzed. 
Descriptive statistics, correlation, confirmatory factor analysis, 
internal consistency and structural equation modeling (SEM) 
were carried out to verify inter-variables relations to 
demonstrate the hypothesis of the study. 

 
RESULTS 

The purpose of this study was to identify the influence of 
perceived risk on participation motivation and re-participation 
intention in marine sports activities. This would help to 
invigorate the marine sports industry. To do so, the research 
model was tested with multivariate analysis and structural 
equation and the following results were derived.  

The Results of Correlation Analysis 
To examine the correlation among the variables set in this 

study, Pearson’s correlation analysis was conducted. The result 
showed that they are correlated positively or negatively to a 
medium or low extent from .14 < r < .63. Firstly, it turned out 
that individual risk and social risk have a negative impact on 
internal motivation, external motivation and participation 

intention but a positive influence on amotivation and non-
intention (p<.05,  p<.01). Secondly, physical risk turned out to 
have no correlation with participation motivation, but had a 
negative on participation intention (p<.01). Thirdly, internal and 
external motivation of participation motivation in marine sports 
had a positive impact on participation intention but a negative 
influence on non-intention (p<.01). In the meantime, 
amotivation had a positive impact on non-intention while having 
a negative influence on participation intention (p<.01). 
Therefore, the extent and direction of the correlation among the 
variables were proved to be proper.  

The Results of Multivariate Analysis on Perceived Risk 
Participation Motivation and Re-participation Intention by 

Sex Multivariate analysis was attempted to investigate the 
difference in the dependent variables by sex. The result showed 
that maximum root of Roy is 4.145 at p<.001, which shows that 
there is a significant difference in perceived risk, participation 
motivation and re-participation intention by sex. Therefore, the 
present tried to examined whether there is a significant 
difference in perceived risk, participation motivation and re-
participation intention by sex, between the marine sports 
participants. First, the result showed that all the sub-factors of 
participation motivation are significantly different by sex: 
internal gratification (F=10.321, p<.01), value assignment 
(F=21.521, p<.001), social gratification (F=11.927, p<.01), 
social stability (F=17.043, p<.001) and amotivation (F=4.373, 
p<.05). Second, there also is a significant difference in both 
participation intention (F=11.212, p<.01) and non-intention 
(F=4.647, p<.05) by sex, which are the sub-factors of re-
participation intention h. However, no significant difference was 
statistically observed in perceived risk by sex. In addition, the 
male respondents show higher participation motivation than 
female participants: internal gratification (male = 5.53±1.07), 
value assignment (male = 3.39±.67), social gratification (male = 
4.91±1.31), and social stability (male = 4.08±1.21) while female 
respondents (2.45±1.00) show higher score in amotivation than 
male participants (2.18±1.14). Also, males (4.42±.84) have 
higher re-participation intention, than females (4.09±.80). As for 
amotivation, females (1.73±.74) are higher than males 
(1.53±.80). 

The Results of Multivariate Analysis on Perceived Risk, 
Participation Motivation and Re-participation Intention by 
Participatory Regularity  

To examine the difference in the dependent variables by 
participatory regularity in marine sports, multivariate analysis 
was also conducted and the result showed that maximum root of 
Roy is 5.798 at p<.001. It proves that there is a significant 
difference in perceived risk, participation motivation and re-
participation intention by participatory regularity. Therefore, the 
present looked into whether there was a significant difference in 
perceived risk, participation motivation and re-participation 
intention by participatory regularity in marine sports activities. 
First, the result showed that there was a significant difference in 
individual risk (F=20.156, p<.001) and social risk (F=8.954, 
p<.01) of perceived risk, in external motivation (F=7.499, p<.01) 
and amotivation (F=18.615, p<.001) of participation motivation,  
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Table 1. Parameter estimates of the model. 

 

 
Estimate S.E C.R P 

 
Perceived Risk → Participation Motivation -4.148 1.334 -3.110 .002 accept 

Perceived Risk → Re-participation Intention -0.642 1.187 -0.541 .588 rejection 

Participation Motivation →  Re-participation Intention -0.993 0.265 -3.753 .000 accept 

 

 

 
Figure 1. Coastal hazard management cycle chart. 

 
 
and in participation intention (F=7.952, p<.01) and non-
intention ((F=17.885, p<.001) of re-participation intention. 
Specifically, the irregular participation group has a higher score 
in individual risk and social risk of perceived risk, external 
motivation and amotivation of participation motivation, and 
participation intention than the regular participation group. 
However, the irregular participation group had a higher 
participation intention of re-participation intention than regular 
participation group.   

Test of Research Model: Evaluation of Pat Coefficient of 
Model  

First, statistical significance of the estimated coefficients was 
tested on the confirmed variables to measure with path 
coefficient analysis to find the relation among perceived risk, 
participation motivation and re-participation intention. Second, 
the indexes of goodness of fit of the model were evaluated to 
measure the extent of agreement between the observed input 
matrix and the estimated matrix from the model. Last, statistical 
significance was also tested on the estimation of maximum 
likelihood method to verify the path coefficients of the research 
model. The parameter estimation of the optimal model is shown 
in Table 1 and Figure 1. Table 1 suggests none-standardized 
(estimated) path coefficients, standard deviation (S.E.), rejection 
rate (C. R) and significance (p). Figure 1 shows the test result of 
the statistical significance the estimated parameters to evaluate 
the path coefficients of the research model. The result shows 
that perceived risk has a negative impact on participation 
motivation at high level (t=-3.11, p<.01) while participation 
motivation a negative influence upon re-participation intention 
at low level (-3.753, p<.001). 

Test of Research Model: The Goodness of Fit Evaluation of 
The Model 

The goodness of fit evaluation of the model is to know how 
appropriate covariance structural analysis is to a research model 
and used as a key indicator to the fitness of a theoretical 
model.As indicated in Table 2, it is Χ²/df (2.31), RMR (.020), 
GFI (.963), NFI (.961), CFI (.977), RMSEA (.071), which meet 
the criteria of the goodness of fit. Accordingly, the research 
model designed by this study can be considered to properly 
explain the relations among the perceived risk, participation 
motivation and re-participation intention of marine sports 
participants. 
 

DISCUSSION 
In the present study, data was collected and various statistical 

procedures were employed in accordance with the purpose of 
the study. And the particular points found from the results are 
discussed with the review of precedent studies and theoretical 
background as follows. 

First, it turns out that there is a significant difference in the 
sub-factors of variables when measuring by sex. More 
specifically, male participants in marine sports activity have 
higher levels of participation motivation and re-participation 
intentions than female participants while both do not differ 
much in perceived risk related to the participation in marine 
sports activity. This result is similar to the finding of the study 
(Jung and Lim, 2011) that examined the behaviors of the 
participants in physical activity on regular base. The study 
showed that males have higher score than female participants. 
Furthermore, the present study supports the precedent studies 
(Kim, 2004; Jung, 2006; McCrae and Costa, 1991)that 
suggested individual characteristics of a sports participant have 
impact on their participatory behavior. Moreover, the reason 
why there is no difference in perceived risk by sex can be 
explained by the study (Yoon, Park, and Yang, 2007) that 
explained both male and female participants have high 
perception of the risks involved in sports and perceived risk 
plays a negative role in physical activity, regardless of sex.  

Second, it turned out that there is a significant difference in 
the sub-factors of each variable by participatory regularity. In 
detail,  the regular participation group had lower perceived risk 
and higher participation motivation than the irregular 
participation group. Also, the former shows low levels of non-
intention of re-participation intention. However, the irregular 
participation group had a higher level of re-participation intent 
than the regular participation group. These findings explain that 
the more regularly they participate in marine sports activities, 
the more they perceive the risk, so they make preparations and 
thus are more motivated to join the activity. However, the 
irregular participation group has more intention to participate in  
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Table 2.  Goodness of fit indexes (GFI) of the model. 

 

Indexes 
Χ² df Q-value GFI AGFI NFI CFI RMR RMSEA 

Fitness - - 
Lower then 

3 
Higher than 

.9 
Higher than 

.9 
Higher than 

.9 
Higher than 

.9 
Lower then 

.05 
Lower then 

.08 

Model 29.97 13 2.3 .97 .93 .96 .97 .02 .06 

 
marine sports. This result agrees with the findings of the 
precedent studies (Kim, 2006; Kim, 2007; Berger, Pargman, and 
Weinberg, 2002; Ekkekskis and Petruzello, 1999) that 
emotionally positive experiences with exercise depends on 
exercise duration and frequency of participation. In addition, the 
result of the present study supports the previous studies (Joung 
and Kim, 2009; Lee and Hwang, 2008) that maintained that the 
level, duration and intensity of sports participation have a 
positive impact on psychological wellbeing and satisfaction of a 
participant in exercise or sports activity. 

Last, the structure model designed by this study turned out to 
be properly fit to verifying the correlation among perceived risk, 
participation motivation and re-participation intention of marine 
sports participants. According to the test results of the model, 
perceived risk has a negative impact on participation motivation 
to a considerable extent, and in turn, participation motivation 
has a negative impact on re-participation intention. In addition, 
perceived risk directly plays a low impact on re-participation 
intention. These results are supported by the precedent study 
(Slovic et al., 1991) that suggested that perceived risk has 
influence over individual’s decision making. Besides, they are in 
the same line with other studies (Mun and Cho, 2012; Oh, Lee 
and Austin, 2011; Son and Kim, 2012) that perceived risk by 
marine sports participants has a negative impact on re-
participation intention as well as participatory behaviors.      

Judging from the above-mentioned results, it has been 
demonstrated in this study that there is a difference in perceived 
risk and behavior by individual characteristics such as sex and 
participatory regularity. In particular, the perceived risk of 
marine sports participants is proved to have a negative impact on 
their participatory behaviors such as participation motivation 
and re-participation intention. 

 
CONCLUSION AND IMPLICATION 

The test results of the relation among perceived risk, 
participation motivation and re-participation intention of marine 
sports participants are as follows.  

First, there is a difference in perceived risk, participation 
motivation and re-participation intention depending on the sex 
of a participant in marine sports activities. 

Second, there is a difference in perceived risk, participation 
motivation and re-participation intention depending on how 
regularly a participant participates in marine sports activities.   

Third, perceived risk has a strongly negative impact on 
participation motivation and participation motivation has a 
highly negative impact on re-participatory intention in turn.   

Further research is invited to explore the antecedents that 
affect perceived risk of marine sports participants and then 
various and proper education and training should be given to  

 
prevent and address risk factors. Eventually, effort needs to be 
made to expand the base of marine sports industry.   
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ABSTRACT 
 
Kim, J. and Cho, D., 2014. Policy suggestion and implications for the use and management of bathing beaches. In: 
Lee, J.L.; Leatherman, Stephen P., and Lee, J. (eds.), Proceedings, 3rd International Rip Current Symposium (Busan, 
Republic of Korea). Journal of Coastal Research, Special Issue, No. 72, pp. 101-105. Coconut Creek (Florida), ISSN 
0749-0208. 
 
In the Republic of Korea, beaches are the most popular holiday destination; approximately 70 million people visit 
beaches every year.  The maintenance and management of beaches are deemed important because more than 50% of 
marine activities take place on at beaches. This paper reviews the status of Korean bathing beaches and addresses 
safety management, environmental pollution, and legal and institutional issues. In addition, policies for sustainable 
use and the maintenance of bathing beaches as well as the use of marine tourism attractions are proposed. The 
relevant laws and regulations urgently need to be modified for the effective use and management of bathing beaches. 
In addition, close cooperation with non-government organizations is needed for the safety management of bathing 
beaches. Safety measures and education to protect users from hazards such as rip currents and jellyfish, etc. need to 
be strongly implemented.   
 
ADDITIONAL INDEX WORDS: Bathing beach,  beach management, safety management, beach basic law. 
 

 
INTRODUCTION 

In Korea, people now have greater financial affordability and 
spare time with the increase of income and changes in the social 
environment such as the implementation of the five day work 
week from June 2004. Consequently, people’s interest in marine 
activities, which are mainly enjoyed at sea and on shore, has 
increased. More than 50% of marine activities occur on beaches. 
Beaches are the most popular holiday destinations and 
approximately 70 million people visit beaches every year. In 
many countries, a beach management system has been 
implemented based on trial and error to respond the concern for 
the damage caused by marine activities. In contrast, Korea lacks 
a legal and institutional basis for the use and management of 
bathing beaches as sustainable resources, since such demand on 
bathing beaches is a relatively recent development.     

Australia  has 11,500 beaches along 36,000 km of shore line 
and approximately 100 million people visit beaches every year; 
beach safety is very effectively and systematically managed by 
Surf Life Saving Australia (SLSA), which is a non-government 
organization, in cooperation with a corresponding local 
government. 

Korean society was shocked by the sinking of Saewolho, 
leading to significant concern for human safety. The ship was 

 
wrecked near Jindo on the 16 April 2014 with a total of 476 
people on board, including 443 passengers and 43 crew 
members (Ministry of Ocean and Fisheries Jurisdiction Staff, 
2014), most of the passengers are assumed to bedead (294 
people are reported dead and 10 people are still missing) as of 
18 July 2014. In respond to this disaster, the Korean government 
decided to dissolve the Korean Coast Guard, which operated 
ineffectively when rescuing people from Saewolho. The issue is 
that the Korean Coast Guard is responsible for the management 
of bathing beach safety, as well as rescuing people from the 
sinking ship. Naturally, people are concerned about the negative 
effects of the dissolution of the Korean Coast Guard on 
maintaining the safety of bathing beaches. 

This paper reviews the status of the management and safety 
measures of Korean bathing beaches against rip currents, and 
proposes policies for the sustainable use and maintenance of 
bathing beaches and usage of marine tourism attractions. 

 
STATUS 

Number of Beach Visitors and Designation and Disclosure of 
Bathing Beach 

In Korea, a total of 358 designated bathing beaches along 
14,396 km shoreline, operated by 49 different local governments. 
These Korean bathing beaches are divided into three different 
types: model bathing beaches operated and managed by a local 
government agency, general bathing beaches managed by a local  
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Table 1. Classification of bathing beach in 2012. 

Category Number Management/Operation 

Model Bathing Beach 35(9.7%) 
City, District, Borough/ 
City, District, Borough 

General Bathing Beach 152(42.5%) 
City, District, Borough/ 

Village Cooperative 

Village Bathing Beach 150(41.2%) 
Village Cooperative/ 
Village Cooperative 

Others 21(5.9%)  

 
government agency and operated by the fishing association of a 
relevant village and village bathing beaches operated and  
managed by the fishing village cooperatives of a relevant village 
(Table 1). 

Bathing beaches are the most popular marine holiday 
destinations. Every year more than 70 million people visit 
bathing beaches (90.83 million in 2010, 78.08 million in 2011, 
75.27 million in 2012, and 87,70 million in 2013). Most users 
visit beaches during holiday season of July and August, which 
are the hottest months in Korea. 76% of all visitors visit 15 large 
beaches (Ministry of Ocean and Fisheries Jurisdiction Staff, 
2012). 

According to a survey conducted of 1,000 people, the reasons 
why visitors prefer beaches to other holiday destinations include 
attractive scenery (26.1%), clean water and sand (22.5%), ease 
of access (17.4%), and popularity (12.6%) in order. 

Bathing Beach Management System 
The designation, disclosure, management, and operation of 

bathing beaches in Korea are basically the responsibility of the 
local governments. The Ministry of Ocean and Fisheries 
Jurisdiction, the Korea Coast Guard, and the National 
Emergency Management Agency are involved in the 
management of bathing beaches in accordance with relevant 
legislations (Table 2). The Korea Coast Guard has the main 
responsibility for the safety management of bathing beaches, 
while being supported by the Ministry of Ocean and Fisheries 
Jurisdiction and the National Emergency Management Agency 
support. 

Within the hierarchy of the Korean legislation structure, a 
basic law enforces principles and is the primary authority. An 
enforcement decree or enforcement rule is enacted in accordance 
with the relevant law. Directives, regulations, and standards 
have least weight in the vertical structure. Two relevant laws 
operate in relation to bathing beaches: the ‘Standards of Bathing 
Beach Facilities, Operation, and Management’ for the 
management of bathing beaches and the ‘Public Waters 
Management and Reclamation Act’ for the safety of bathing 
beaches. 

In addition, the ‘Water-Related Leisure Activities Safety Act’ 
secures the safety and order of water leisure activities and 
promotes the healthy development of water leisure business, 
while the ‘Rescue and Aid at Sea and in Rivers Act’ has been 
enacted and implemented to protect peoples’ lives and property 
from shipwrecks. 

Table 2. Government agency service and related statutes (Ministry 

of Ocean and Fisheries Jurisdiction, 2014). 

Service Agency Statutes 

General 
Manage
-ment 

Bathing Beach: 
Designation, 
Notofication, 
Management, 

Operation 

Local Government 

‘Standards of 
Bathing Beach 

Facilities, 
Operation, and 
Management’ 

Public Water: 
Permission 

Local Government 
‘Public Waters 
Management 

ReclamationAct 

Bathing Beach: 
Designation 

Local Government 
‘Coast 

Management 
Act’ 

Safety 
Field 

Bathing Beach: 
Safety 

Management 

Ministry of Ocean and 
Fisheries Jurisdiction, 
Korea Coast Guard, 
National Emergency 

Management Agency, 
Local Government 

‘Standards of 
Bathing Beach 

Facilities, 
Operation, and 
Management’ 

Sea Disaster 
Relief 

Korea Coast Guard 
‘Rescue and Aid 
at Sea and in the 

River Act’ 

Water Leisure 
Activity 

Management 
Korea Coast Guard 

‘Water-Related 
Leisure 

Activities Safety 
Act’ 

Water Safety 
Management 

Korea Coast Guard, 
National Emergency 

Management Agency, 
Local Government 

‘Water Safety 
Management 

Manual’ 

Warning 
System for Rip 

Current, 
Tsunami, etc. 

Korea Meteorological 
Administration, Korea 

Hydrographic and 
Oceanographic 
Administration 

- 

Environ
-ment 
Field 

Examination of 
Bathing Beach 
Water Quality 

Institute of Health 
Environment 

‘Bathing Beach 
Water Quality 

Application 
Guide’ 

Water Quality 
Improvement 
Management 

Local Government 

‘Bathing Beach 
Water Quality 

Application 
Guide’ 

Harmful 
Aquatic 

Organism 
Management 

Ministry of Ocean and 
Fisheries Jurisdiction, 

National Fisheries 
Research and 

Development Institute 

Crisis Response 
Manual for 

Fishery Damage 
by Jellyfish 

 
ISSUES RELATING TO BATHING BEACH 

MANAGEMENT 

Safety Management Issues 
Because most holiday makers visit only a small number of 

bathing beaches, the number of visitors has rapidly increased, 
creating a problem of over crowded beaches and subsequent 
visistor complaints. In addition, as most people visit beaches 
during the summer holidays, several issues occur (i.e., lack of 
human and financial resources for safety management and 
pollution prevention). 

The Korean government annually examines the rescue 
operation and establishes the safety countermeasures of bathing 
beaches, such as the ‘Comprehensive Coutermeasures for Beach 
Safety and Environment’ by the Ministry of Ocean and Fisheries 
Jurisdiction  and the ‘Measures for Beach Safety Management’ 
by the Korea Coast Guard. 
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Table 3. Water activities accidents and rescue status for the last 
three year summer seasons (Ministry of Ocean and Fisheries 
Jurisdiction, 2014). 
 

Year Victims Rescue 

Death 

Opening 
Period 

Non-
Opening 
Period 

Total 

2011 1,991 1,987 5 4 9 

2012 2,257 2,254 9 3 12 

2013 2,179 2,172 7 13 20 

Total 6,427 6,413 21 20 41 

 
The number of safety accidents occurring on beaches has  

continuously increased over the last three years (Table 3). The 
number of victims of water activity accidents during the beach 
open period in 2013 was 2,179, which was a reduction of 3.5% 
compared to 2012, while the number of deaths was 7, which was  
an increase of 2.3 times compared to 2012 (Ministry of Ocean 
and Fisheries Jurisdiction Staff, 2014). The number of people 
who died at bathing beaches was 18 in 2013. Table 3 shows that 
the death toll during the non-official opening period is higher 
than that of the beach opening period in 2013. 

A total of 134,606 government people were involved in the 
safety management of bathing beaches during 2013 (Korean 
Coast Guard Staff, 2014). 

 

 

 
(a) 

 
(b) 

Figure 1. Shoreline erosion (a) loss of white beach sand (Songdo 
GyeongBuk, 2007),  (b) shoreline erosion near dwellings (Gangwon, 
2007).

 

The human resources allocated to the management of beaches 
consisted of 51,369 from the Korea Coast Guard, 25,911 from 
the National Emergency Management Agency, 14,244 from the 
National Police Agency, 27,080 from a corresponding local 
government, and 16,002 volunteers. However, a lack of safety 
on bathing beaches is observed during the non-official opening 
period, as most of the human resources operate during the 
official opening period. In addition, they are mainly allocated to 
the large beaches that accommodate most of the holiday makers; 
as a result, the local small beaches have become safety blind 
spots. 

Environment Pollution Issues 
In terms of the environment, the difficulty to maintain proper 

beach environments during the official opening period is 
escalating due to the excessive number of visitors and waste 
they generate. Furthermore, the sand on the beaches disappears 
due to the erosion of the shoreline caused by the construction of 
breakwaters and revetments. It is therefore necessary to establish 
countermeasures to address this phenomenon (Figure 1).  

The water quality and environment management of bathing 
beaches are conducted in accordance with the ‘Bathing Beach 
Water Quality Application Guide.’ The water quality was 
judged as ‘Suited’ before the bathig beaches opened in the beach 
water quality analysis in 2013. However 8 bathing beaches were 
temporarily closed because wather quality was judged as ‘Ill-
suited’  or ‘Management Required’ during the official opening 
period (Ministry of Ocean and Fisheries Jurisdiction Staff, 2014).  
The water quality and environment management need to be 
implemented continously and systematically during the opening 
period when the number of visitors increase rapidly. 

 

 

 
(a) 

 
(b) 

Figure 2. Rip current in Korea (a) 2009,  (b) 2012.
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Figure 3. Rip current monitoring system.

 
 
It has been found that the shoreline erosion rate has increased 

from 44% in 2005 to 59% in 2010 and 73% in 2012. 
Unfortunately, such shoreline erosion is accelerated by the 
climate change caused by global warming (Ministry of Ocean 
and Fisheries Jurisdiction Staff, 2014). 

In addition to shoreline erosion, climate change creates 
various other damages such as injuries and death due to rip 
currents and jelly fish, which move and multiply, respectively, 
according to the change of the sea water temperature. Currently, 
rip currents are observed and monitored by the Korea 
Meteorological Administration and the Korea Hydrographic and 
Oceanographic Administration. According to the Korea 
Meteorological Administration, a total of 29 rip currents were 
recorded and a total of 1,178 swimmers have been rescued from 
rip currents over the last five years (Table 4, Figure 2). 

Legal and Institutional Issues 

 To systematically manage bathing beaches, comprehensive 
provisions need to be prepared that cover various stakeholders 
and define the environment of bathing beaches. Stakeholders of  
bathing beaches can include fishing village cooperatives, local 
residents, merchants, and general users. As can be seen in Table 
2, many difficulties arise in the systematic management of 
bathing beaches. For example, the structure of bathing beach 
legislation is very complicated and the jurisdictions between 
relevant authorities overlap, as many relevant public institutions 
are involved in the management of bathing beaches in 
accordance with the provisions of individual laws. Moreover, as 
the safety and management provisions of bathing beaches are 
mostly defined in the ‘Standards’, which are located at the 
lowest position of the Korean legislation structure, such 
provisions hold weak legal binding power. 

Furthermore, there is a lack of comprehensive policy 
proposals  that can enhance sustainable use and management of 
bathing beaches. Currently, all bathing beach management plans 
only relate to the operation of bathing beaches by the relevant 
authority during the official opening period and no proposal of 
national level policy has been offered that uses and develops a 
bathing beach as a marine tourism attraction. In the case of a 
small bathing beach managed and operated by a village 
community, the relevant government authority’s administrative 
power is unlikely to have any influence on such beaches. 

As a result, such beaches may not be properly managed and 
have a high risk of safety accidents. Therefore, the central 

government needs to propose a national level policy direction 
and a relevant authority to follow the policy direction proposed 
by the government. In addition, a method to support the local 
government needs to be established, considering the financial 
independence and human resources composition of the local 
government. 

 
Table 4. Status of  rip current occurrence (Korea Meteorological 

Administration). 

Year Region Frequency Lifesaving 
2009 Haeundae 2 106 
2010 Haeundae 3 144 

2012 

Haeundae 7 220 

East 
Sea 

Naksan 2 6 
Mangsnag 1 2 

Jeju Island Sackdarl 5 8 
2013 Haeundae 1 30 

 
POLICY PROPOSALS 

First, the modification of the relevant laws and regulations 
and other systems is urgently required for the effective use and 
management of bathing beaches and the sustainable use of 
marine tourism resources. Legal binding power needs to be 
strengthened by designating a government department 
responsible for the use and management of bathing beaches and 
the enactment of the basic law. Together, a basic needs to be 
prepared for the designation of beaches, the installation and 
operation of facilities, and the management of safety. 

The Korean government enacted ‘Act on the Management and 
Use of Bathing Beaches’ in June 2014, which will be 
implemented  from 4 December 2014. The ‘Standards of Beach 
Sand Management and Waste Treatment’ and the ‘Standards of 
Bathing Beach Facility Management’ need to be reflected to the 
lower statute for the future. The existing issues relating to laws 
and systems are expected to be fixed with enactment of the law. 

Second, cooperation is needed with the non-government 
human resources for the safety management of bathing beaches. 
It is impossible to manage 350 beaches using only the 
government personnel, since these personnel are distributed 
throughout the nation. In addition, bathing beaches should be 
maintained even during the non-official opening periods. New 
sources of human resources, such as personnel in the private 
sector, therefore need to be found. 

In Australia, life savers are systematically managed and used 
by SLSA, which is a non-government organization. Life savers 
from a local government and SLSA are at work even during off-
peak seasons. When local government lacks human resources, it 
is supported by SLSA in accordance with the ordinances of the 
corresponding local government. In U.S.A and Canada, private 
sectors are administered with the financial and administrative 
support from US Coast Guard and Candada Cosat Guard, while 
Royal National Lifeboat Institute (RNLI) in U.K is independent 
from the government and entirely operated with the fund raised, 
but maintains strong cooperative relationship with the 
government: Maritime and Coastguard Agency (MCA). The 
volunteer group in Japan is formed for mutual-assistance by 
their members who work in the same field and entirely operated 
with the fund raised (Korea Coast Guard Staff, 2010). 
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Korea has two types of non-government organizations, 
including The Maritime Rescue and Salvage Association and the 
119 Citizen Water Rescue Team for the safety management of 
bathing beaches. 

 The Maritime Rescue and Salvage Association was 
established in accordance with code 26 of the ‘Rescue and Aid 
at Sea and in the River Act’, and is mostly responsible for rescue 
and salvage operation in the Ocean. 

The 119 Citizen Water Rescue Team is operated by the 
municipal ordinance in accordance with codes 4 and 5 of the 
‘Act on 119 Rescue and Emergency Medical Services’ and is at 
work on 137 bathing beaches (29.8% of all bathing beaches). As 
the 119 Citizen Water Rescue Teams are volunteer organizations, 
a plan to increase financial support to attract professional 
personnel needs to be established. To enhance the legal ground 
of the establishment of the 119 Citizen Water Rescue Teams, a 
method needs to be considered to provide their composition and 
operation in a law such as the ‘Enforcement decree of Act on 
119 Rescue and Emergency Medical Services’ and the 
municipal ordinance of the corresponding local government. 

Lastly, safety measures to protect users from rip currents and 
jelly fish (both of which are threatening the safety of visitors to 
bathing beaches) as a result of climate change, shall be  strongly 
implemented. Currently, the Korea Hydrographic and 

Oceanographic Administration and the Korea Meteorological 
Administration predict the generation of rip currents and operate 
a rip current forecast and warning system so that beach users can 
be evacuated before the rip current appears (Figure 3). The rip 
current forecast system was implemented at Haeundae Beach in 
2012, and at Daecheon Beach, located at Boryeongsi, 
Chungcheongnamdo in 2014. Although it is difficult to 
implement an observation system to approximately 350 beaches 
across the nation, efforts need to be made to secure the safety of 
beach users by gradually expanding the rip current forecast and 
warning system to all beaches. 
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ABSTRACT 
 
Kim, M.J.; Chun, S.B.; Kim, W.K., and Lee, C.W., 2014. Analysis of beach safety perception and satisfaction among 
Haeundae Beach visitors through CIT method. In: Lee, J.L.; Leatherman, Stephen P., and Lee, J. (eds.), Proceedings, 
3rd International Rip Current Symposium (Busan, Republic of Korea). Journal of Coastal Research, Special Issue, No. 
72, pp. 106-111. Coconut Creek (Florida), ISSN 0749-0208. 
 
This study was designed to look into the safety status of Haeundae Beach in Busan city from its visitors’ perspective. 
Rather than researching based on the perspective of experts, as is typical in research, the authors of this study 
analyzed the experiences regarding beach safety of the actual users of the beach, who expressed both positive and 
negative emotional perceptions. The Critical Incident Technique was used for the analysis, with the selection of 104 
research subjects. The research subjects were asked to answer a questionnaire which included open questions about 
positive and negative experiences during their visits to Haeundae Beach. The results showed that the research 
subjects were satisfied the most with the dedicated and hard work of the lifeguards and the Coast Guard, according to 
an analysis of their reported positive experiences. On the other hand, the research subjects were mostly concerned 
about the relatively small number of lifeguards, dangerous trash on the sand, and misbehaving drunken people at 
night, in that order. From the result of the study, the researchers concluded that specialization and increasing the 
number of lifeguards are the key points if seeking to develop a higher standard of safety at Haeundae Beach and at 
other beach sites in Korea. To achieve this, it is strongly recommended that Haeundae officials and local 
governments take beach safety into account and promote more mature citizenship. 
 
ADDITIONAL INDEX WORDS: Critical Incident Technique, beach safety, rip current, Haeundae Beach. 
 

 
INTRODUCTION 

The number of beach visitors in Korea has steadily increased 
over the years (Kwon, and Lee, 1999). Among the popular 
beach sites, Haeundae Beach in Busan is the largest and best 
known beach in Korea. Its representativeness can be gauged 
through the fact that the media use the number of visitors to 
Haeundae Beach as a barometer of the whole country's vacation 
status each year.  

Haeundae Beach is the best place for researching all aspects 
of beach safety, including rip currents in Korea. Haeundae 
Beach officials have reported 100~200 people rescued from rip 
currents each year since 2007 (Kim, Lee, and Lee, 2011). 
Hundreds rip currents victims continue to occur at Haeundae 
Beach, yet no drowning incidents have occurred in Korea 
directly related to them. 

Given the rising awareness and occurrences of rip currents, 
Haeundae officials have made efforts to inform and educate 
visitors about rip currents. There is even a cartoon which 
educates people on how to escape from a rip current on the 
Haeundae Beach website, operated by Haeundae officials, and 
there are many signs along the shoreline that warn people about 
rip currents.  

 
In other hand, to revitalize tourism at Haeundae, Haeundae  

officials have tried to develop rip currents as a form of extreme 
sport, even sponsoring a one-day simulation event in relation to 
rip currents on 10 July 2013. Leaving behind the warnings and 
worries from the Korea Coast Guard regarding the safety of 
participants, Haeundae officials mandated the wearing of life 
jackets by event participants before they dove into the current, 
and ten lifeguards were assigned to manage the event and to be 
ready for unexpected circumstances. After the event, the 
Haeundae officials evaluated the event as successful and without 
any accidents. This made Haeundae to have confidence to 
commercialize rip current as extreme sport attraction at the 
beach. However, merely three days after Haeundae’s extreme 
sports trial event, one person died on the beach. Haeundae 
Beach had maintained a no-accident record for four years until 
this fatal accident. This accident brought to the fore the safety 
issue in relation to rip currents. The Haeundae officials later 
concluded that commercializing rip currents requires more 
consideration. In order to be successful shoreline city and 
become an attractive tourist attraction, safety is a key factor. 
Previous studies on beach safety mostly dealt with the issues of 
management, regulation, and measurement. The nature of these 
subjects is such that the participants in the research were experts 
or at least industry employees. Especially in the research about 
rip currents, most studies utilize measurement and forecasting 
systems that are based on natural sciences and engineering (Choi 
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et al., 2012; Kim, Lee, and Lee, 2011; Kwon et al., 2012; Lee, 
Kim, and Lee, 2011; Lee, 2012). However, few studies have 
looked into perceptions on and satisfaction with beach safety by 
beach users.   

Thus, the authors of this study surveyed 104 research subjects, 
all of whom had been to Haeundae Beach, to note their 
perceptions and satisfaction levels as regards beach safety using 
the CIT (Critical Incident Technique) method. The CIT analysis 
method allowed the researchers to approach the topic with a 
much deeper social scientific perspective to gauge both positive 
and negative opinions together.   

 
METHODS 

 
CIT (Critical Incident Technique) 
CIT was devised and initially used by J.C. Flanagan to study 

human behavior. It offers the advantages of both qualitative 
research and quantitative methodologies. Specifically, as Chen 
and Hsu (2012) described in their study, CIT analyses basically 
provide insight into the customer’s experience to draw essential 
particular aspects regarding possible improvements to the 
quality of service. Hughes, Williamson, and Lloyd (2007) 
described CIT as a well-proven qualitative research approach 
that offers a practical step-by-step approach to collecting and 
analyzing information about human activities and their 
significance to the people involved. CIT is capable of yielding 
rich, contextualized data that reflect real-life experiences 
through group interviews, face-to-face interviews, open-coding 
surveys, and other methods. Therefore, CIT is a useful and 
proper means of analyzing and modifying deficiencies in the 
service quality, as it allows researchers to locate service failure 
areas easily. Critical incidents from CIT should include the most 
memorable experiences, as these determine whether the results 
of the action are a success or a failure. Flanagan briefly 
described the five main steps of the CIT process. These steps are 
general aims, plans and specifications, collecting the data, 
analyzing the data, and interpreting and reporting. Table 1 
describes the five steps of CIT by Flanagan (1954). 
 
Table 1. The five steps of CIT. 
 

Step Category Description 

First General Aims 
Define the activity and establish its 
aim 

Second 
Plans and 
Specification 

a. The situations observed 
b. Relevance to the general aim 
c. Extent of effect on the general 
aim 
d. Persons to make the observations 

Third Collecting the Data 

a. Interviews 
b. Group interviews 
c. Questionnaires 
d. Record forms 

Forth Analyzing the Data 
a. Frame of reference 
b. Category formulation 
c. General behaviors 

Fifth 
Interpreting and 
Reporting 

Critical behaviors that define the 
activity studies 

 
 

Research Subjects 
A total of 104 open questionnaires were distributed, 

consisting of positive and negative experiences about safety at 
Haeundae Beach, in an effort to analyze critical incidents among 
beachgoers at Haeundae. Research subjects were recruited in 
Seoul from July 15 to August 14 of 2014, selection of whom had 
been to Haeundae Beach at least once. To protect their 
anonymity, the research subjects were not asked to identify 
themselves by name on the questionnaire. Research subjects 
varied in terms of gender, age, education, the number of visits, 
and the purpose of the visit. 

The study sample was composed of 71 males (68.3 %) and 33 
females (31.7 %), 72.1 % of the research subjects were in their 
20 s, 24 % were in their 30 s, and 3.8 % were in their 40 s and 
older. With regard to education, 19.2 % of the research subjects 
were attending college, 42.3 % of the research subjects were 
college graduates, and 38.5 % of the research subjects had 
acquired a graduate school education. 
 
Table 2. Frequencies of the characteristics of the research subjects. 

 

Characteristics n % 

Gender   

Male 71 68.3 

Female 33 31.7 

 
Age 

  

20-29 75 72.1 

30-39 25 24 

40 and over 4 3.8 

   

Education   

College attend 20 19.2 

College graduate 44 42.3 

Graduate School 40 38.5 

 
RESULTS 

 
Measurement Validity and Credibility 

The researchers used an open questionnaire for the purpose of 
this study along with demographical questions, which was 
thoroughly reviewed by a professor of leisure science and by 
two individuals holding Ph.Ds. in this area. In order for data 
collection to be sufficient, generally two to three critical 
behaviors should be found for every 100 units (Flanagan, 1954). 
This study procured its validity accordingly.  

To evaluate the credibility of the approach taken, the 
researchers choose to apply the CIT analysis method such that 
four of the researchers analyzed the collected data independently 
and compared individual results by calculating how much they 
concurred. An analysis method is assumed to be credible when 
this ‘interobserver agreement’ rate exceeds 80 %. This study met 
this standard. 
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Analysis of Positive Experiences 
Three abstraction groups were found through the 

categorization process. There were seven secondary categories 
under the twelve primary categories. The three abstraction types 
are termed in this study Safety Management, Safety Facilities, 
and Rip-Current Related.  

Group 1, Safety Management, accounts for the largest portion, 
as shown in Table 3. In group 1, ‘Lifeguards’ account for 
approximately 48 %, i.e., nearly half of all positive experiences. 
The second largest portion is ‘Coast Guard/119 Rescue’, which 

constitutes approximately 15 % and is related to how the beach 
was continuously patrolled, with proper responses to situations. 

It was assumed that the research subjects were not capable of 
clearly distinguishing the differences between the lifeguards, the 
Coast Guards, and 119 rescuers. The result portrays that beach 
visitors’ feelings of safety is greatly influenced by the actual 
sighting of people working in the area of safety management at 
the site, as supported by about 63 % of the respondents’ answers. 
The details regarding each category are given in Table 4. 

 
Table 3. Positive experience categorization. 
 
 

Categorization 
Frequency percentile 

Abstraction Secondary Primary 

Group 1. Safety 
Management 

Lifeguards 
1A. Lifeguard allocation 17 17.89 

1B. Lifeguard's dedication 28 29.47 

Coast Guard/119 Rescue 
1C. Continuous patrol 8 8.42 

1D. Proper response to situations 6 6.32 

Group 2. Safety Facility 

Signage 
2A. Proper exposure of signage 5 5.26 

2B. Easy to spot and understand signage 5 5.26 

Border line 
2C. Proper grid of border lines 6 6.32 

2D. Strictly managed border lines 5 5.26 

Life-saving instruments 2E. Well-prepared instruments 6 6.32 

Group 3. Rip-current 
related 

rescued from rip Current 
3A. Directly experienced 1 1.05 

3B. Witness 3 3.16 

Rip current awareness 3C. Rip current signage 5 5.26 

Total 95 100 

 
 
Table 4. Cases of positive experiences. 
 
 

Abstraction Subcategories Case 

Safety 
Management 

1A. Lifeguard allocation 
I was impressed by how lifeguards were allocated at regular distances so that 
they could cover the whole area and respond quickly. 

1B. Lifeguard's dedication 
I felt safe because lifeguards very strictly controlled the swimmers according 
to the regulations. 

1C. Continuous patrol I witnessed the Coast Guard continuously patrolling the beach area. 

1D. Proper responses to situations 
The Coast Guard kept patrolling in their boats and immediately responded to 
calls for help. 

Safety Facility 

2A. Proper exposure of signage There were many safety-related signs.  

2B. Easy to spot and understand signage 
Signs were easy to understand and could be seen everywhere throughout the 
beach area. 

2C. Proper grid of border lines 
Safety lines were properly installed to secure swimmers within the safety 
zone, and to separate them from marine sports participants. 

2D. Strictly managed border lines 
When some swimmers get even a little close to safety lines, they were 
immediately warned to go back toward shore. 

2E. Well-prepared instruments I saw many life jackets and life floats on the beach for rescue purposes. 

Rip current related 

3A. Directly experienced I was rescued once by the Coast Guard when I swooped out by a rip current. 

3B. Witness 
Witnessed the 119 rescue team rescuing many people captured by a rip 
current.  

3C. Rip current signage 
There were many rip current caution signs along the beach at regular 
distances. 
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Table 5. Negative experience categorization. 
 

Categorization 
Frequency percentile 

Abstraction Secondary Primary 

Group 1. Safety 
Management 

Lifeguard 1A. Shortage of lifeguards per swimmer 27 28.72 

Marine sports (jet skis, boats) 
1B. Blurred border line between marine sports 
and swimmers 

5 5.32 

Off-season and after-dawn 
management 

1C. Loose control of swimming restrictions 10 10.64 

1D. Boorish drunken people  20 21.28 

Group 2. Safety 
Facility 

Waste Management 2A. Dangerous trash on sand 24 25.53 

Signage 2B. No water depth signs 5 5.32 

Group 3. Rip-
Current Related 

Bad experience 
3A. Dragged in by a rip current 2 2.13 

3B. Rescued, but not properly 1 1.06 

Total 94 100 

 
Table 6. Cases of negative experiences. 
 

Abstraction Subcategories Case 

Safety 
Management 

1A. Short of lifeguards per swimmer 
Thought there were relatively too few lifeguards for such a great number of 
swimmers.  

1B. Blurred border line between 
marine sports and swimmers 

Many times I saw motor boats and jet skis almost collide with swimmers. 

1C. Loose control of swimming 
restrictions 

During winter, people tried to swim and nobody was there to stop them or watch 
out for them. 

1D. Boorish drunken people 
At night, people were drunk and disturbing others, but there were no authorities to 
control them. 

Safety Facility 

2A. Dangerous trash on sand 
It was very dangerous that people left broken bottles and twisted aluminum cans 
everywhere on the beach sand. I was afraid somebody was going to step on them. 

2B. No water depth signs I think there should be water depth signage displayed, as Haeundae Beach 
drastically deepens at a certain point. 

Rip-Current 
Related 

3A. Dragged in by a rip current 
I experienced a rip current and was washed out toward the sea, which was very 
unpleasant. 

3B. Rescued, but not properly 
I was rescued when I was swooped out by a rip current, but the rescuer just helped 
me exit the current, and then left me. I was worried that if a person were a bad 
swimmer, such behavior could lead to another drowning accident.  

 
Analysis of Negative Experiences 

The three abstraction groups are identical to those used for 
the positive experiences. In this case, the subcategories hold the 
important data. There were six secondary categories sorted from 
eight primary categories, as shown in Table 5. The most 

commonly mentioned negative experience was related to 
lifeguards as well. This secondary category keyword was also 
linked to the most positive experience, but the content is 
different. Beachgoers at Haeundae were mostly concerned 
about the relatively small number of lifeguard compared to the 
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large crowds, especially during the peak season. This was noted 
by 28.72 % of the research subjects. The second most 
commonly mentioned aspect was waste management, 
mentioned by 25.53 % of the users of Haeundae Beach, who 
were worried about broken glass or twisted aluminum cans that 
could cause serious injuries should someone step on them. The 
behavior of drunken people in relation to ‘off-season and after-
dawn management’ closely followed, with 21.28 % of research 
subjects mentioning this. Details are shown in Table 6. 
 
Rip Current Awareness 

The researchers inquired in the questionnaire if the 
participants knew about rip currents, with a definition of a rip 
current at the top of the questionnaire. Among the total of 104 
research subjects, 46 replied ‘yes’ and 58 answered ‘no’ to this 
question. The result, showing rip current awareness at 44 %, 
was surprising compared to the authors’ expectations. However, 
there were few cases of either actual experience with rip 
currents or of someone seeing another swimmer dragged away 
by one. On a positive note, one person was rescued and thus had 
direct experience with rip currents, and three people witnessed 
other people being rescued from a rip current. Moreover, five 
people reported that rip current signage was well displayed. On 
a negative note, two research subjects reported that they directly 
experienced a rip current, and one person noted that he was 
rescued from a rip current, but not properly. Details of cases 
involving rip currents are described in Table 4 and Table 6. 

 
CONCLUSIONS 

The results of this study show that the beach safety 
perceptions and satisfaction levels among beachgoers at 
Haeundae rely essentially on lifeguards and the Coast Guard, 
i.e., people who work to ensure visitors’ safety and to provide 
rescues when needed. The visitors were mostly satisfied with 
how much the lifeguards and the Coast Guard are dedicated to 
their work, and they also feel safe based on how lifeguards were 
systemically well located in order to respond quickly. On the 
other hand, people were concerned mostly about the shortage of 
lifeguards and Coast Guard personnel compared to the large 
number of visitors during the peak season. As far as being the 
largest portion in both sides of the analysis, operating and 
training lifeguards and coast guard personnel must be 
considered as a crucial element in the effort to realize 
improvements in the future. 

Previous studies reached a similar conclusion. Kwon and Lee 
(1999)’s study, “Investigation of Safety Attitudes of Summer 
East-Coast Beach Visitors” pointed out that specialization and 
continuously ensuring the lifeguard supply are the top priorities 
for beach safety. Their study involved the case of Los Angeles 
County lifeguards (Kwon and Lee, 1999). 

There are some other important factors on the negative side 
that should be mentioned. The visitors were uncomfortable 
enough with the dangerous trash on the sand, such as broken 
glass or aluminum cans, to rank this factor second. Another 
problem was the misbehavior of drunken people, especially 
during the nighttime. These two factors can potentially lead to 
serious safety incidents. They both appear to be relatively easy 
to resolve, i.e., by increasing manpower and concentrating it on 
the areas of janitorial services and public order. However, most 

importantly, a mature sense of citizenship must first be 
developed. 

With regard to rip currents, there were several research 
subjects who had directly experienced a rip current, on both the 
positive and negative sides. It can be assumed that these 
experiences, from both sides, can be described as very similar; 
all of them must have been rescued somehow as they were 
pulled out by the rip current. However, one person had a good 
memory of the Coast Guard saving him, whereas two other 
people recalled this as a bad memory because they were 
frightened by the experience. In the same context earlier in the 
conclusion, specialization and increasing the supply of 
lifeguards could make rip current victims’ experiences better 
emotional-wise as well.  

The factors that came out in the results are mainly general 
elements rather than being particularly unique. Prevention and 
being cautious with regard to these general elements can 
improve safety. If these general aspects are neglected, many 
visitors to Haeundae Beach can suffer serious safety accidents. 
It is strongly suggested that Haeundae officials and local 
governments take a greater part in the safety of Haeundae 
Beach and other beach sites around Korea for higher standards 
of citizens’ wellness. At the same time, citizens too will have to 
develop more a mature public sense of citizenship. 
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ABSTRACT 
 
Jo, E.; Yun, H.S.; Suh, Y.C.; Lee, J., and Lee, J.L., 2014. Economic analysis of beach safety level on the contingent 
valuation in Haeundae Beach. In: Lee, J.L.; Leatherman, Stephen P., and Lee, J. (eds.), Proceedings, 3rd 
International Rip Current Symposium (Busan, Republic of Korea). Journal of Coastal Research, Special Issue, No. 72, 
pp. 112–116. Coconut Creek (Florida), ISSN 0749-0208. 
 
The beach is the most popular tourism place during the summer vacation, which contributes to local economic 
improvement and plays the key role in beach tourism resources. However, environmental resources, like beaches, have 
characteristics of public properties and it is difficult to evaluate them as a market value. This study employs 
Contingent Valuation Method (CVM) to investigate how much of the tourist's decision is affected by beach safety, 
according to emergency accidents caused by rip current or bad weather, which often occurs in Haeundae Beach. 
Referring to the Australian study for the relevant between economy and lifesaving, we applied the methodology to 
Korean beach lifesaving. In other words, the present contingent study is carried out mainly through the survey data in 
regard to how much beachgoers are willing to pay for going to a safe beach. Through this survey, it is possible to 
estimate the economic value of a safe beach as well as the value of lifesaving, which has been previously recognized 
as unimportant factors. The economic evaluation of nonmarket value of safe beaches or lifesaving can draw the 
necessity of beach safety management and guideline establishment as to contributing to the mitigation of drowning 
accidents. 
 
ADDITIONAL INDEX WORDS: Beach safety, Contingent Valuation Method (CVM), economic analysis, 
environmental resource, economic valuation. 
 

 
INTRODUCTION 

The beach is the most popular tourism place during the 
summer vacation, contributing local economic improvement and 
playing the key role in beach tourism resources. The 
environmental resources are essential to human beings, and we 
have the responsibility to pass environmental resources down to 
future generations. However, people tend to overuse it because it 
is hard to estimate the value of environmental resources. Though, 
as an attempt to evaluate the environmental valuation, there are 
few researches about evaluating the environmental valuation 
using an economic valuation method such as CVM and TCM. 

Recently, the research of estimating environmental valuation 
as tourism resources was continually studied. The study was 
implemented to estimate the contingent value of visiting as a 
tourism resource by using contingent valuation method (Choi, 
2006). Also, there was another study for comparing Poisson and 
negative binomial count data models to measure the tourism 
demands (Song, 2004). In 2010, there was another study that 
covered the marginal values of lifesavers and lifeguards to beach 
users in Australia and the Unites States (Blackwell and Tisdel,  

 
2010). Without using the economic method, there was an 
analyzing study about economic costs of drowning death. It 
estimated the comprehensive costs of drowning on coastlines by 
using the drowning figures from beaches in the USLA reporting 
system (Christin and Steven Stewart, 2001). Also, there was 
another survey that set out to collect data from Gold Coast 
residents regarding their beach use and the values they 
associated with the beach and to develop estimates of the 
economic value of the beach to residents (Raybould and 
Lazarow, 2009).  

Nevertheless, there is very little research that covers 
evaluating the beach safety valuation. Thus, in this study, 
considering the beach valuation as economic and cultural value, 
we suggest how to efficiently promote the beach and effectively 
manage it through estimating the beach safety valuation. 

Beach Safety 
Regarding the beach safety accident, the "drowning" occupied 

the highest portion among all beach accidents, and it is the 
leading cause of unintentional injury death among all ages. 

Figure 1 shows that drowning death in the beach has the 
second largest portion among all in Australia. Figure 2 shows 
the causes related to major rescue on beaches in Australia. Rip 
current is the highest among any other rescue causes. 
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Figure 1. Drowning death by location, 2012/2013, Australia (Royal Life 
Saving Society-Australia, National Drowning Report, 2013). 

 
 

 

  
Figure 2. Causes related to major rescues on surf beaches in Australia 
2004-2011 (Brighton et al., 2013).

 
 

These data means that the drowning accident caused by rip 
current was the important issue for beach safety. 

 
Table 1. Risk level summary explanation, Australia. 

 

Risk Level 
Fatality Level 

(10 yrs death/1 km) 
Suggested Controls 

Multiple 
fatalities 

10≤F 
Extremely high level rescue 
service should be applied or 
close the beach 

Fatal 1≤F≤10 
Immediate rescue or more 
service required 

Critical 0.1≤F≤1 
Higher level control 
measures should be applied 

Safe 0.01≤F≤0.1 Attention needed 

Very safe F<0.01 
Present control measures 
suffice 

 

 Table 2. Total death number in Haeundae Beach 1975-1994. 
 

Year 1975 1976 1977 1978 1979 
Death 24 19 12 13 9 
Year 1980 1981 1982 1983 1984 
Death 3 4 7 3 3 
Year 1985 1986 1987 1988 1989 
Death 5 0 2 0 4 
Year 1990 1991 1992 1993 1994 
Death 3 0 0 0 0 

 
Based on the previous table, Table 2 shows the Haeundae 

Beach safety level over the past 20 years. During 1975-1984 
years, the total death number was 102. The Haeundae Beach’s 
length is about 1.3 km, but we calculated on the basis of 1km, 
with an outcome of 74.6. During the 1985-1994 years, the total 
death number was 14, showing a large drop, compared to the 
previous ten years. If we calculated it the same way, the 
outcome was 10.8. It had decreased even 1 and a seventh. This 
drop occurred because many rescue services were applied and 
these rescues led to positive results for managing beach safety. 
Nevertheless, the result is over 10, so that safety level still has 
multiple fatalities levels in regards to the Table 1. Nowadays, 
there are just 4~5 victims during the ten years in Haeundae 
Beach. Calculated on the basis of 1 km, the result is around the 4 
level. Thus, managing beach can influence the maintenance of 
beach safety and naturally led to guaranteed beach visitors. For 
improving beach safety, more than 600 lifeguards were 
employed for rescue action at Haeundae Beach. In the last three 
years (2011-2013), 1,430 people caught in rip current were 
rescued. 

 
METHODS 

Here is the overall information of economic method which 
was the base concept for this survey study.  
 
Economic Value Analysis 

CVM (Contingent Valuation Method) and TCM (Travel Cost 
Method) are typically used to estimate the economic valuation 
of environmental resources. Especially, CVM is employed to 
estimate the benefits of beach recreation or the willingness to 
pay (WTP) of beach visitors. Environmental values are 
measured in money terms, through the concept of individuals' 
willingness to pay (WTP) or willingness to accept (WTA) 
compensation for alterations in environmental conditions. These 
methods were necessary when attempting to value changes, 
which are outside the scope of recorded experience. This 
situation was the case when looking at the potential change 
impacts. Due to the hypothetical nature of the method, a lot of 
effort must be put into ensuring the hypothetical scenario was as 
realistic as possible, ensuring that the responses to the survey 
reflect real choices. The contingent valuation method suffered 
from some biases however, most of these biases can be 
eliminated with pretesting and correct design and 
implementation (Bateman and Turner, 1993). 

Effective Analysis Process 
In this study, an onsite survey was implemented to estimate 

how beachgoers accepted the value of “Safe Beach”, using 
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CVM, which asked if there a safety accident occurred in 
Haeundae Beach. Through this survey, we can estimate the non-
market value of a "safe beach".    

According to the CVM survey, it basically asked the average 
number of visitors to Haeundae Beach. First, we asked the 
personal thoughts of the current Haeundae Beach safety level 
and economic benefits to visit the beach. After that, we 
estimated the economic lost through the suggested contingent 
situation of what if the safety level went one level down. This 
result can show the valuation of using an unsafe beach. 
Additionally, two demands curve were produced by analyzing 
data of using both a safe and an unsafe beach. 

 
RESULTS 

The CVM survey was conducted with Haeundae Beach 
visitors. Regarding to the results of survey, as shown in Figure 3 
below, people generally thought that the Haeundae Beach safety 
level was under the Critical level (Less than 1 death/1 yrs) and 
Fatal level (Drowning accident in nearly every other year). This 
belief was similar to the result that deduced the level 4 (Fatal 
level) if the level was calculated with the death number during 
the last ten years in Haeundae based on Table 1. 

 

 

 
Figure 3. The result of beach safety level on Haeundae Beach.  
(very safety= no death history, safe= 1~9 death in a generation, critical= 
less than 1 death/1yrs, fatal= drowning accident in nearly every other 
year, multiple fatalities= drowning accident in nearly every year).

 
 
Also, according to Figure 4, the majority of visitors thought 

that, if the beach safety level dropped to 1 level, they might not 
visit the beach and would use an alternative beach. This belief 
also affected the value of beach safety and WTP. The contingent 
behavior question was incorporated into this study and will 
provide important information regarding the response of beach 
visitors to the safety degrade for the Haeundae Beach. 

For estimating the economic use value of Haeundae Beach 
safety, a comparing study was carried out. It focused on two 
different situations of beaches. One had the result of economic 
benefits to use a general beach (A), and the other one was the 
result of economic lost to use an unsafe beach (B). 

 

 

 
Figure 4. The result of contingent willingness to visit if the beach safety 
goes down one level lower. 

 
 

Table 3. Average WTP for using the beach in each situation. 
 

 
Survey 

Question 
Criteria 

Amount 
(85people) 

A 

How much do 
you willing to 
pay for using 
this beach as 

admission 
fee? 

$1~free: Use it for free 
$3~$1: near to public pool 

admission fee 
$7~$3: National museum 

admission fee 
$10~$7: near to national park  

admission fee 
Over $10: near to amusement 

park admission fee 

WTP 
$3.89 

B 

How much do 
you think to 
lose the used 
value if the 

beach safety 
level was 
dropped? 

Suggest the same Risk Level 
criteria as [Table1] and ask 
personal opinion about how 
they think of economic lost 
amount to use unsafe beach. 

Contingent 
Lost 
$7.36 

Analyzing result: The gap of amount A and B ($3.47) means 
“Valuation of Beach Safety”. 

 
As one can see in Table 3, the contingent economic benefit of 

a present general beach was an average of $3.89, and the 
contingent economic loss of an unsafe beach was an average of 
$7.36.  The gap between A and B ($3.47) was the “Valuation of 
Beach Safety”. On the other hand, people thought that an unsafe 
beach would have estimated double amount of loss as compared 
with its admission.  

Considering the same ratio of people (refer to Figure 4) and 
the gap amount of A and B ($3.47), there will be an economic 
loss of $32,554,117 during a year (average visitors in Haeundae 
Beach are 15,901,000 people. Among them, the same portions 
of 59% are 9,381,590 people. It would be just supposed through 
this survey). 
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Figure 5. The result of beach safety valuation analysis (S*: demand 
curve for using managed beach for safety, S0: demand curve for using 
general beach). 

 
 
Refer to the Figure 5, this survey showed that, if the beach 

could be carefully managed for safety, the WTP of visitors and 
numbers of visitors could be higher than a general beach. 
Therefore, if the beach safety management could be efficiently 
implemented, the social surplus could be expanded, such as grey 
area shown above. Therefore, this estimated result could lead to 
the conclusion that beach safety management is necessary. 

Through this survey, it showed additional information, such 
as pay intention for beach management and general thought of 
safety. 

 

 

 
 
Figure 6. The pay intention in each visit for the management fee which 
aimed to increase the beach safety by one level. 

 
 
Table 4. The reason NOT to pay for safety management fee. 
 

Reason % 

Do not need to manage the beach safety 2.0% 

Current safety management is sufficient 16.6% 

Each visitors must consider safety by themselves  29.1% 

It should be paid by tax not personal payment 52.0% 

According to Figure 6, it shows that visitor’s willingness to 
pay for improving the beach safety. Among 85 people, 37 
visitors agreed to pay for management fees in each visit, and its 
average amount was $3.86. It was similar to the WTP for 
admission fee as above, as well as the valuation of beach safety. 
Thus, this survey could prove that the survey result was 
appropriate as statistics. 
Otherwise, 48 people disagreed to pay for management fee, 

and Table 4 list the reason that they disagreed to pay. 
 

CONCLUSIONS 
The main purpose of this study was to analysis the economic 

valuation of beach safety by using a contingent valuation 
method, and this information could be used to estimate the likely 
economic impact of beach safety through the shift of demand 
curve measured by contingent valuation.  

The majority thought that the Haeundae Beach safety level 
was under the Critical and Fatal level and it led to a better re 
visitation rate. 

The majority of visitors thought that, if the beach safety level 
dropped one level, they might not visit the beach and would use 
alternative beach.  

There would be an economic loss of $32,554,117 during a 
year if the beach safety dropped one level. Therefore, if the 
beach safety management could be implemented, the social 
surplus could be efficiently expanded. Those conclusions led to 
the necessity of beach safety management. 

People believed that, if the beach became unsafe, its 
economical valuation might be low. Nevertheless, people 
generally thought that managing the beach safety was the duty 
of the government through taxes and they would rather not 
directly pay for the safety management. 
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ABSTRACT 
 
Yang, B.; Lee, J.; Hwang, J.S.; Kweon, H.M., and Lee, J.L., 2014. Quantitative risk assessment for beach drowning 
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Symposium (Busan, Republic of Korea). Journal of Coastal Research, Special Issue, No. 72, pp. 117–121. Coconut 
Creek (Florida), ISSN 0749-0208. 
 
The beach is recognized as the most important resource because it provides the best recreational amenity to tourists. 
However, the beach safety aspect is getting more relevant, because the drowning risks all over the world are much 
too high and do not decrease enough. Especially, drowning is a major public health problem with substantial personal, 
societal, and economic costs, each year many people drown at the beach and many more are seriously injured. In 
Korea, most of the beach safety services belong to personnel rescue services. In contrast, Australia and the United 
Kingdom have developed several practical integrated beach risk management programs and safety systems. In this 
study, we have carried out field survey for beach safety on 4 popular beaches along the Korean coast, and conducted 
a beach risk audit and prepared a report. In addition, we developed a quantitative risk assessing method with 
reference to the Australian method. In this method, three parameters that were related to emergency rescue factor, 
risk avoidance factor and safety preparedness factor, are included in the risk assessment for management purpose. 
The purpose of coastal drowning risk assessment is to make decisions, based on the outcomes of risk analysis, about 
which risks need treatment priorities. From these results, we will implement preferred treatment options or an action 
plan for managing the beach safety in order to minimize the risk of injury by drowning. 
 
ADDITIONAL INDEX WORDS: Beach drowning, risk assessment, vulnerability analysis, Korean Beach. 
 

 
INTRODUCTION 

Drowning is a major public health problem with significant 
personal, social, and economic impacts. In the summer of 2012, 
there were 10 drowning deaths in Korea Beaches. In the past 
four years, not only the number of drowning people but also 
rescuers has increased in Korean Beaches since 2009. 
Unfortunately, most of the Korean Beaches are insufficient 
rescue equipment and supervision for preventing the drowning 
accident for the safety of swimmers. 

We investigated the coastal aquatic risk assessment. The Surf 
life saving australia has developed coastal aquatic risk 
assessment for beaches. SLSA produces the national coastal 
safety report in order to provide a detailed annual statical data of 
coastal drowning deaths (Bernadette, 2012). The beach hazard 
rating which is jointly developed by SLSA and the university of 
sydney is particularly used to analyze and evaluate the each 
beach of Australia (Lee, 2011). 

The university of plymouth risk assessment is based on a 
beach safety and management program, which was developed in 
Australian method. These provided datas and programs make it 
possible to effective prevention of drowning accident for 
evidence-based decision (Brett, 2013). 

 
 
 
 

 
However, there is not established the drowning risk 

assessment tool for coastal lifeguards in Korea (Kang et al., 
2013). Therefore, the main objective of this study is to develop a 
typical beach drowning risk assessment in which the surf life  
saving Australia's coastal safety risk assessment process is 
benchmarked. This risk management operationally includes the 
provision of lifesaving services in order to minimize the risks of 
injury or death by drowning.  

In this study, we analyze coastal drowning risk assessment for 
beach management, which produced results can propose 
countermeasure against high-risk beach safety for drowning 
prevention. 

 
KOREAN BEACH TYPES 

The Korean coastline has an impressive number of beaches, 
more than 300 beaches. In fact, beaches make up half of the 
open coast. In this study, according to the criteria of the above 
studies, we applied a modified Korean beaches types as shown 
in Figure 1. Every single one of these beaches can be classified 
into one of nine distinctive beach types, based on the nature of 
their waves, tides, and sand bars. Most Korean beaches are 
bordered by some natural structure such as a headland, rocks, 
reef, or inlet. They are the most obvious result of the marine and 
atmospheric processes acting on Korea's coastal geology. A 
variety of changes in wave direction and increased wave height 
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have been caused by the continuous development of the 
seashore basin. Therefore, many have been urged to identify the 
cause of the transforming sandy beach in Korean beaches form, 
with environments ranging from low waves and high tides in the 
west to some of the highest-energy beaches in the East. 
Although beaches are a product of waves and sand, the tides also 
play a role in beach dynamics. The interaction between beach 
sediments, waves, and tides determines the beach type, and 
variations in these combinations result in three Korean beach 
systems, bringing the total number to nine beach types as shown 
Figure 1.Beach types Figure 1. (a)-(c) are wave-dominated, (d)-
(f) are wave-tide modified, and (g)-(i) are tide-dominated.  

The relationship of each beach type to wave height, relative 
tidal range and sandbar. Korea's wave-dominated beaches occur 
in areas of higher average waves (0.5-2.5 m), are composed of 
sandbar, and have a relative tide range (RTR=Tidal range / 
Average wave height) less than 3, usually less than 1, meaning 
the tide range  is no more than 1 to 3 times the average wave 
height. Wave-dominated beaches predominate around the east of 
the Korean coastline. It should be noted that the wave-
dominated types can change as waves increase, shifting to a 
higher-energy type, or they can decrease, shifting gradually to a 
lower-energy type. The following description of each wave-
dominated beach type begins with the highest energy (rip 
current channel beach) down to the lowest energy (terrace 
beach).  

Rip current channel beach tends to be relatively straight and 
uniform along the shore, with sandbar or converging rip currents. 
In the vicinity of the deeper rip channels, higher waves (2.5-1.5 
m) tend to break continuously along the bar showing a sandbar 
and converging rip feeder currents flow (arrows). 

Longshore bar beach do not occur on the west or southern 
Korean coast, in areas of average wave height (1.5-0.5 m) on 
beaches showing waves spilling over two shore parallel bars.  
 

 

 

Figure 1. Korean beach types (a) rip current channel beach conceptual 
model, (b) longshore bar beach conceptual model, (c) terrace beach 
conceptual model, (d) low tide rip beach conceptual model, (e) multiple 
ridged sand flat beach conceptual model, (f) tide and terrace beach 
conceptual model, (g) ridged sand beach conceptual model, (h) sand flat 
beach conceptual model, (i) plus tidal sand and mud flat beach 
conceptual model. 

 

Terrace beach are the lowest energy intermediate beach type 
in the wave-dominated beaches. They tend to occur when waves 
average under 0.5 m. They are characterized by a moderately 
steep beach face, which is joined at the low-tide level to an 
attached bar showing the beach face with sandbar.  

Wave-tide modified beaches in Korea have moderate waves 
and the tidal range exceeds the wave height by a factor of 3 to 
10, wave-tide modified beaches, are composed of sandbar in the 
south coast of Korea. Beaches are classified as wave-dominated 
when the spring tidal range is less than three times the average 
breaker wave height. The southern half of coastline is dominated 
by high waves and low tides that result in predominantly wave-
dominated beaches with sand bar. 

Low tide rip beach is characterized by a relatively steep waves 
averaging (2.0-1.0 m) in height, with tidal range averaging up to 
3 times in the highest energy of the wave tide modified beaches 
showing low tide with a steep beach face and outer low tide 
zone cut by regularly spaced rip channels and currents. 

Multiple ridged sand flat beach tend to occur where waves 
average 1.0-0.5 m and tides average 2.0-5.0 m. They are 
characterized by a relatively steep, shore-parallel sand bars 
showing the multiple low shore parallel sand ridges.  

Tide and terrace beach is characterized by an outer bar or 
terrace, which is separated from the beach, when waves are less 
than 1 m showing 100 m wide low tide terrace. 

Tide-dominated beaches have lower waves (<1.0 m) and the 
tide reaches from 10 to 50 times the wave height. The western 
Korean coast with tide-dominated beaches are exposed to strong 
winds and moderate wind waves averaging up to 1 meter high.  

 
Table 1. Korean Beach hazard rating guide. 
 

Beach 
Hazard 
Rating 

Characteristics 

Rip current 
channel 

1.0-0.8 
Wave dominant: wave height (more than 
1.5 m), Straight and uniform alongshore, 
Sandbar, wave energy high 

Longshore 
bar 

0.8-0.6 
Wave  dominant : wave height (1.5-0.5 
m), Straight and uniform alongshore 
Sandbar, wave energy moderate  

Terrace 0.6-0.2 
Wave  dominant : wave height (less than 
0.5 m), Pocket beach Sandbar, wave 
energy low 

Low tide 
rip 

0.9-0.7 
Wave-tide modified: wave height (more 
than 1.0 m), Straight and uniform 
alongshore sandbar, wave energy high 

Multiple 
ridged sand 

flat 
0.7-0.4 

Wave-tide modified: wave height (1.0-0.5 
m), Straight and uniform alongshore 
sandbar,  wave energy moderate 

Tide and 
terrace 

0.5-0.2 
Wave-tide modified: wave height (less 
than 0.5 m), Straight and uniform 
alongshore sandbar,  wave energy low 

Ridged 
sand 

0.5-0.3 
Tide-dominated: wave height (more than 
1.0 m),  Pocket beach, wave energy high 

Sand flat 0.3-0.2 
Tide-dominated: wave height (1.0-0.5 m), 
Pocket beach, wave energy moderate 

Plus tidal 
sand and 
mud flat 

0.4-0.2 
Tide-dominated: wave height (less than 
0.5 m), Pocket beach 
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Ridged sand beach tends to occur where waves average 1.0 m 
and tides average over 5.0 m. They are characterized by a relatively 
steep, occasionally cusped, high-tide beach, which abruptly 
grades into a very low gradient, sandy intertidal zone, with an 
average 400 to 500 m in length, and shore-parallel sand ridges 
showing the multiple low shore parallel sand ridges.  

Sand flat beaches are low and featureless, apart from small 
wave ripples, indicating that the wave energy is moderate to 
mobilize sediment across the flats but not high enough to form 
the ridges of the previous beach type showing the narrow high 
tide beach and wide flat essentially featureless intertidal sand 
flats.  

Plus tidal sand and mud flat beach, in addition to the low 
waves, there is usually a local source, such as a river, to supply 
the mud to the shoreline with waves averaging under 0.5 m 
showing sand then mud or pure mud flats which may contain 
tidal drainage features including tidal channels. 

Beach hazard rating provides its score, which will be public 
beach safety management in Table 1. Identifying risk is clearly 
the way to identify the hazards, which, for a beach, starts with 
the beach hazard rating as defined by the Korean beach types. In 
the Australia method, some hazards may appear regularly at 
each location such as waves, sand bar, rips and others may be 
specific to that location such as submerged rocks and reefs or 
even specific to a particular access such as trip hazards (Rob et 
al., 2011). 

Beaches characteristic are related to the sand bar and tide 
range at your surveying beach, and it does not change. The 
average beach type is dependent on the average tidal range and 
sand bar on the beach. The average beach type for the beach is 
as provided in Figure 1. Wave height may change the beach type. 
While all beaches have one average type, we should use 
knowledge of the beach in Figure 1. 

 
BEACH TYPE VULNERABVILITY RATING 

We should determine the prevailing beach hazard rating by 
using the Figure 2.  

 

 

 
Figure 2. Classify the beach state vulnerability.

 

 

 
Figure 3. Risk management principles, framework and process. 

 
 
We determined the initial beach hazard rating based on the 

prevailing beach type and wave height and sand bar. In addition 
to permanent local hazards, which exist as solid structures in the 
aquatic environment (rocks, reefs, headlands, rip currents), 
features that induced deeper water and stronger currents 
(headlands, tidal inlets) or changing hazards (tides, strong winds) 
will increase the risks. 

In the initial beach hazard, a rating of 0.1 should be added. 
First step of the risk assessment is to identify risks, a a list of 
potential things that could cause major losses through missed 
opportunities or adverse events occurring such as wave height, 
wave tide and sand bar.  

The second step in the risk assessment is to analyze the risk. 
This means to understand the essence of the risk and determine 
the causes and consequences and to identify any existing 
controls. 

Risk evaluation uses the information obtained during the 
analysis to make decisions about whether the risk is acceptable 
in its current state or whether further action needs to be taken to 
mitigate the risk. Mornitor, communicate, consult and review 
actioning the risk involves selecting measures that contribute to 
either treatment or action plan as shown in Figure 3. 

The purpose of beach type hazard is to make decisions, based 
on the outcomes of risk analysis, about which risks need 
treatment and action priorities. Risk evaluation involves 
comparing the level of risk found during the analysis process 
with established risk criteria. 

 
BEACH DROWNING RATING EQUATION RESULT 
The beach safety aspect is getting more relevant, because the 

drowning risks all over the world are much too high and do not 
decrease enough. In Korea, most of the beach safety services 
belong to personnel rescue services. In contrast, Australia and 
the United Kingdom have developed several practical integrated 
beach risk management programs and safety systems. 

In the beach drowning safety study, a risk assessment can be 
defined as the process of quantifying a harmful effect to 
individuals, populations, equipment or the environment from 
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human interaction and safety management with the aquatic 
environment (Chris, 2014). One major aspect of aquatic public 
safety risk management is the risk assessment, which integrates 
the process for managing risk into the organization's governance, 
strategy, planning, and management. 

In this study, beach drowning risk management can be applied 
at all levels. It provides a generic framework for the application 
of a risk management process and also contains definitions of 
terminology, flowcharts of the risk management process and 
example documentation as shown in Figure 3.  

This risk management operationally includes the provision of 
lifesaving services and the frontline delivery, in order to 
minimize the risks of injury or death by drowning.  

For the purposes of this risk assessment, the Equation (1) is 
used to assign risk scores and rankings. We simply suggest risk 
(R) as a function of vulnerability factor (E, W, P), with hazard 
(H), frequency (F), and vulnerability (V). Thus, the relevant 
equation is given by: 

 

R = S × N × [(1-E) ×(1-W) ×(1-P) ×H] ×F          (1) 

 
There are seven combinations of factors that can be used in 

the expression of risk as a function, where S is the Korean beach 
hazard rating, N is the number of visitors, E is the emergency 
rescue factor term defined in the text subsection, W is the risk 
avoidance factor, P is the safety preparedness factor, H is the 
average wave height during the summer season and F is one 
year frequency. 

 The accepted definition of wave height, when surveying 
average wave height, is based on observation data during the 
summer season. The scale is linear up to wave height meters.  

Beach vulnerability assessment for beach drowning expressed 
in the beach type hazard rating are model in Table 2. S is the 
Korean beach hazard rating, N is the number of visitors. The 
outcomes yield the number of visitor is multiplied by beach state 
vulnerability. 

The emergency rescue factor is the rescue ability between 
lifeguard and accident in the surf zone. When an incident 
requiring rescue operations occurs within swimming area, E is a 
determining factor in whether the lifeguard can be help and if 
he/she can be rescued before drowning. It affects how quickly a 
lifeguard can help victims. Therefore, a lack of lifeguards can 
cause fatal accidents. Emergency rescue factor values during the 
summer period, whose factors are based on how many lifeguards 
in unit of length beach. The outcomes yield the approximate 
number of lifeguard is multiplied by 10-3 in Equation (2) as 
shown in Table 3. 

 

(1-E) = (Number of lifeguard / Beach length) × 10-3        (2) 

 
The risk avoidance factor is another feature of the beach 

drowning risk assessment, which has an effect on the hazards 
faced by beachgoer. The number of facility installation, such as 
signage, hazard information board, and warning notice, is 
considered a preventable hazard because of perceived risk 
(Michael, Peter, and Tom, 2007). If they are not aware of the 
risk, increased risk of injury from hazards, such rip current or 
large waves, can occur for most beachgoers. 

Table 2. Beach vulnerability assessment for beach drowning.  
 

Name 
Beach state 

vulnerability 
(S) 

Number of 
visitor 

(N) 

Beach 
vulnerability 

(V) 
Haeundae 1.0 9,907 9,907 
Naksan 0.8 1,343 1074 
Daecheon 0.6 2,010 1005 
Joongmoon 0.9 667 600 
 
 
Table 3. Emergency rescue factor  for beach drowning. 
 

Name 
Beach 
length 

(m) 

Number of 
lifeguard 

Lifeguard 
per meter (1-E) 

Haeundae 1600 84 19   0.19 
Naksan 2200 44 50   0.50 

Daecheon 2900 63 46   0.46 
Joongmoon 580 10 58   0.58 

 
 
Table 4. Risk avoidance factor  for beach drowning. 
 

Name 
Beach 
length 

(m) 

Number of  
signage 

signage 
per meter (1-W) 

Haeundae 1600 17 94 0.94 
Naksan 2200 41 53 0.53 

Daecheon 2900 44 65 0.65 
Joongmoon 580 17 34 0.34 

 
 
Table 5. Risk  assessment for beach drowning. 
 

Name S N 1-E 1-W 1-P H F R 

Haeun- 
dae 

1.0 9907 0.19 0.94 0.5 0.85 1 751 

Naksan 0.8 1343 0.50 0.53 0.5 0.85 1 121 
Dae- 
cheon 

0.6 2010 0.46 0.65 0.5 0.50 1 75 

Joong- 
moon 

0.9 667 0.58 0.34 0.5 1.45 1 85 

 
Consequently, the range of the facility installation factor 

needs to be of the same order as the emergency rescue in 
Equation (3) as shown in Table 4.  

 

(1-W) = (Number of signage / Beach length) × 10-3       (3) 

 
Safety preparedness factor is associated with overcoming a 

crisis such as poor swimming or lifejacket. We suggest that, if 
people wear the life jacket, the score is 0.1, or, using personal 
flotation devices, the score is 0.5. However, not wearing a     
lifejacket has been cited as a contributing factor in many 
drowning deaths, giving a 1.0 score. 

In this study, we carried out a field survey for beach safety 
and conducted a beach risk audit from data collected from Korea 
coast guard in 2013. The information is based on modal data for 
peak visitation during the busiest season. Beach drowning rating 
equation is the multiple of the seven separate ratings that are 
discussed above.  
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Table 6. Risk assessment matrix. 
 

Score 
Risk 
level 

Suggested controls 

Multiple 
fatalities 

200+ 
Extremely high-level rescue service 
should be applied or close the beach. 
Applying emergency rescue factor 

Fatal 151-200 
Immediate rescue or more service 

required. 

Critical 101-150 
Higher level control measures should be 

applied. 
Applying risk avoidance factor 

Major 51-100 Attention needed. 

Minor 0-50 
Present control measures suffice. 

Applying safety preparedness factor.  

 
We have conducted beach risk assessment by using Equation 

(1). Table 5 identifies the peak season Summer calculated, beach 
drowning risk assessment for four popular beaches such as 
Haedundae Beach (located in south-eastern corner of the Korean 
peninsula), Daecheon Beach (located in mid-west), Naksan 
Beach (located in mid-east) and Joongmoon Beach (located in 
Jeju island). 

 From these results, we will implement preferred treatment 
options or an action plan for managing the beach safety. The 
beach safety drowning assessment can be viewed as the gross 
risk score for a beach. The index seeks to identify the risks 
associated with the coastal environment under assessment, rather 
than specific hazards and risks present at a particular location or 
site. 

 
PRINCIPAL RISK TREATMENTS 

There are ranges of risk treatment options that can be 
considered in the coastal safety risk management. In the Table 6, 
the selection of the most appropriate option involves balancing 
the financial, social, and environmental impacts of 
implementing each against the benefits derived from each. 
These may include any combination of the following:  

Emergency event is imminent or immediately after an event 
occurs, and all activities are taken to save lives and reduce 
damage from the event position, lifeguard, or rescue team. 

Risk avoidance factor is to reduce the impact of the remaining 
hazards by taking certain actions before an emergency event 
occurs and to improve risk information, early warning system, 
and strength preparedness for response. The importance of 
effectively placing risk management and safety signage in a 
public reserve cannot be underestimated. Location, height, and 
existing visual distractions are major factors that contribute to 
the effectiveness of a sign when installed.  

Safety preparedness factor is to take sustained action to 
reduce or eliminate the long-term risk to drowning death and to 
employ a long-range, community-based approach to mitigation 
such as education, and safety promotion plan.  

Public rescue equipment in coastal areas must be appropriate 
for the features and conditions of the coastline and water without 
putting the safety of the rescuer at risk.  

 
 

CONCLUSIONS 
 The Korean beach drowning model presented in this paper 

provides an easy-to-use, quantitative measure of the hazards to 
the beach manager so that they may manage the safety during 
the summer. It is composed of seven major rating scales that can 
be objectively determined by beach survey.  

Each of the factors accounts for particular aspects of the risk 
environment that separately and collectively may contribute to 
the level of danger. The rating system can be used as a tool to 
assist in the decision-making process regarding beach safety risk 
for beachgoers at Korean beaches. 

In the case of the Haeundae Beach, it showed a multiple 
fatalities rating because of accidents. Beach strategies for the 
safety should be sufficient to replenish and have professional 
staff. In addition, all personnel should be deployed to inform the 
potential risk to visitors and would be required for additional 
countermeasures. Naksan is required to improve the either 
emergency rescue or risk avoidance. In the case of  Daecheon 
and Joongmoon Beach, it is required to improve risk avoidance 
and safety preparedness factor corresponding to the area of the 
emergency information bulletin disaster occurs frequently.  

The beach drowning risk assessment forms the first and most 
basic part of coastal aquatic risk assessment tool in Korea. 
Correspondence is welcomed in regards to the proper training of 
observers or the clear understanding of these observational 
methods. The lack of field data will be addressed in additional 
intensive field surveys. Moreover, beach drowning assessment 
techniques will be advanced with the results of this study. 
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ABSTRACT 
 
McCoy, G.K. and de Mestre, N.J., 2014. Surf hazard rating: a decision-making system for application to competition 
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Current Symposium (Busan, Republic of Korea). Journal of Coastal Research, Special Issue, No. 72, pp. 122–126. 
Coconut Creek (Florida), ISSN 0749-0208. 
 
This paper introduces and details a new and universal Surf Hazard Rating system for rating the prevailing surf 
conditions at any beach in real time. The system uses primarily seven easily observable and measurable surf zone 
characteristics. These basic characteristics are defined and rated separately in terms of their potential risk to the 
safety of competitors within the surf zone. They aggregate to form an overall rating of the hazardous nature of the 
prevailing surf conditions. The Surf Hazard Rating is the first of two components that, when compared, will form the 
Competitor Surf Safety Index. This will be a single-value index to assist decision makers and competitors assess the 
appropriateness of continuing in the prevailing surf conditions at the time. The system has applications for surf sport 
participants and the beach-going public all over the world, but is being applied at present to Australian surf carnival 
events. 
 
ADDITIONAL INDEX WORDS: Breaking waves, rips, littoral drift, surf safety, risk management. 
 

 
INTRODUCTION 

Three competitors were drowned in large surf at the 
Australian Surf Life Saving Championships in three separate 
accidents in 1996, 2010 and 2012. Immediately after the third 
fatality, the authors decided to try to reduce the likelihood of 
further accidents by developing a simple quantitative scheme to 
help officials make decisions about whether or not to hold, shift 
or cancel events as surf conditions change, and also to help 
competitors decide whether or not to continue competing as 
conditions deteriorate. 

A preliminary Surf Hazard Rating (SHR) model was devised 
(de Mestre and McCoy, 2012) based on the authors’ combined 
lifesaving, competition and recreational experiences and 
knowledge of the surf in six Australian States and four other 
countries over the past sixty years. Further input was gathered in 
the form of interviews, surveys and forums. This feedback was 
obtained from experienced Surf Life Saving Australia (SLSA) 
officials, plus club members, lifeguards and competitors 
(including many World and Australian title holders) with levels 
of experience ranging from thirty to sixty years. The modified 
model was then trialled via a Pilot Study in season 2012/13 at 
surf boat and surf craft carnivals on various Queensland and 
New South Wales beaches. Data was collected in the form of 
incident numbers and participant perceptions, together with 
carnival referee opinions regarding prevailing surf conditions  

 
and their decision to continue, postpone or cancel the related 
carnival. An analysis of the data concluded that there were 
significant correlations between each of these three measures 
and the calculated SHR at the time. A more detailed study was 
undertaken for SLSA on 517 surf boat events during the 2013/14 
surf carnival season from October 2013 to April 2014 (McCoy, 
de Mestre, and Kumar, 2014). Again, these results showed 
highly significant correlations between surf boat incidents, 
referee opinions and the SHR, sufficient to provide a validation 
of the model. Therefore the current paper will detail the 
constituent elements that form the SHR, their reasons for being 
classified as a surf hazard, and the definitions used in the model. 

 
SURF ZONE FEATURES 

The surf zone is the region near a coastline between the 
breaking waves and the shore. Waves are mainly caused on the 
ocean’s surface by distant storms forming ground swell or by 
local winds producing surface disturbance. As the waves 
approach shallower depths they steepen asymmetrically, and 
eventually break, forming a moving surf front (breaker) of 
turbulent entrained air and water droplets. This white front may 
continue all the way to the water’s edge, or it may cross an 
outside bar or reef and dissipate in an inside deeper channel 
before the reduced wave eventually breaks again near the shore. 
The position at which breaking occurs may vary considerably 
over a few hours with the changing tide effecting the type of 
wave breaking and the width of the surf zone. The strength of 
the outward-flowing water usually increases after each big set of 
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waves arrives, and is strongest near low tide (Brander and Short, 
2001). 

Up until now, there has been no immediately measurable and 
observable real-time rating covering all the relevant hazards 
within the surf zone. In terms of our model, the seven  most 
frequently-observable characteristics or features that are present 
include wave height, wave period, wave type, surf zone width, 
surface turbulence, longshore currents (littoral drift) and 
offshore currents (rips). At any particular time and position 
along a beach, these characteristics may yield different 
contributions to the total surf hazard. Other local variables such 
as wave-incident angles, inshore bathymetry and tides are 
already accounted for by inclusion in one or more of the seven 
surf features that are the basis of our SHR model. 

Short (1991) proposed a model using a fixed rating for 
different types of beaches with an adjustment needed for  
average wave heights. The model has applications in long-term 
beach management practice, but does not adequately address 
risk-management issues arising in real-time competition. 

There are many articles available dealing with the hazard due 
to rips (Macmahan, Thornton, and Reniers, 2006). However 
these do not address the immediate total surf danger at any point 
on a beach at a precise moment. 

 
SURF HAZARD RATING (SHR)  

The seven surf features (or characteristics) in our model are 
dormant hazards in the sense that they are inert unless they 
interact with some other object, be it human or inanimate. In 
terms of humans, these features only become active if a 
competitor interacts with them, predominantly within the surf 
zone.  These characteristics may change from one minute to the 
next, but their influence on human safety requires that we use 
the maximum observed value for that feature during the 
observation period, which is initially recommended to be twenty 
to thirty minutes. We always use maximum observed values to 
account for the largest margin of safety, as opposed to average 
or modal values which underestimate the level of potential real-
time danger. This applies to all ratings comprising our SHR. 

 Our model proposes various ratings associated with each of 
the seven fundamental surf zone characteristics. 

The SHR at any particular beach at any time is then the sum 
of the individual ratings.  

We recognise that many surf features interact to create 
substantially greater hazards than each one alone. This is 
accounted for in the range of scale values used. We consider 
each surf characteristic separately in the following sub-sections. 

 
Wave Height Rating (WHR) 

The accepted definition of wave height when discussing surf 
dynamics is the difference between the maximum and minimum 
water surface elevations in front of the breaking position during 
the passage of one complete wave (Galvin Jr., 1972). As far as a 
hazard rating is concerned, it is the maximum wave height that 
should be used during the observation period because of its 
implications for safety. This maximum wave height may change 
as the tide changes, even when all other weather effects remain 
constant. It is usually largest at low tide. The wave height is one 
of the major generators of water movement at wave-dominated 
beaches (Short, 1999). The wave height is proportional to the 

energy transferred into the surf zone and thus has a major effect 
on participant safety. It therefore needs a wide range of rating 
values. The scale is linear up to 3.0 metres, but then needs to 
jump by 2 ratings to indicate the higher energy levels and 
subsequent increased risk of injury from such large waves. For 
wave heights greater than 4.0 metres the rating could be 
extrapolated even further, but competitions are unlikely to be 
held in such conditions. 

 
Table 1. Wave Height Rating (WHR). 
 

Wave 
Height 

(metres) 
0 

Up 
to 

0.5 

Up     
to     
1.0 

Up 
to 
1.5 

Up 
to 

2.0 

Up 
to 

2.5 

Up 
to 
3.0 

Up 
to 

3.5 

Up 
to 

4.0 
General 
descript-

ion 

Knee 
High 

Waist 
High 

Head  
High 

Overhead 
Double 

Overhead 

WHR 0 1 2 3 4 5 6 8 10 

 
A gap of 0.5 m between ratings is used to provide a 

reasonable spread of ratings over the possible maximum wave 
heights normally present at a surf carnival venue. In addition, a 
“General description” associated with various wave heights has 
been included in Table 1. It is often used in general surfing 
terminology and is associated with other visual anchors 
commonly seen at surf lifesaving carnivals. This is to enable a 
trained observer on the beach to ascertain the wave height 
without any special instruments and within the margin of error 
of the rating scale. For example, to estimate the wave height to 
the nearest 0.5 metre an observer could compare it to a surf ski 
paddler’s head (about 0.8 metres above the water surface), a 
kneeling board paddler (about 1 to 1.25 metre), a standing board 
rider (just over 1.5 metres) or the head of the sweep of a surf 
boat (about 2.0 metres above the water surface). These 
estimations are always caveated with the proviso that if the 
observer is unsure then he/she should default to the higher scale 
value. This also applies to ALL Hazard Ratings that follow. 

 
Wave Period Rating (WPR) 

The period is the time between each successive breaking 
wave in the surf zone. It affects how quickly a competitor can 
recover stability from one wave to the next. A series of wave 
fronts with a short period is much more difficult to negotiate 
than a longer period series, independent of wave height. The 
wave period is especially critical for large craft such as surf 
boats or surf skis. Therefore long period waves attract a scale 
rating of 0 and very short period waves have a scale value of 3. 
Wave periods are modal values during the observation period, 
while scales are based on period ranges in seconds. 
 
Table 2. Wave Period Rating (WPR). 
 

Average 
Time 

Between 
Waves 

Long 
 (> 14 s) 

Moderate 
 (9 - 14 s) 

Short 
 (6 - 8 s) 

Very Short 
(< 6 s) 

WPR 0 1 2 3 

 
The range of the scale indicates that wave period is not 

considered to be as hazardous a surf zone feature as wave height. 
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Wave Type Rating (WTR) 
Common wave types occurring on Australian beaches include 

surging, spilling, plunging and plunging with back-blasting. 
Surging waves provide no difficulty for competitors. Spilling 
waves dissipate their energy over a relatively large section of the 
surf zone. They possess an increased degree of difficulty for surf 
participants. Plunging waves dissipate their energy over a very 
short distance within the surf zone. They often occur near low 
tide. Consequently the potential for injury to occur due to this 
wave type is much higher and is reflected in the higher scale 
value. At the upper end are plunging waves that back-blast, 
which violently expend energy over a very limited space in the 
surf zone. They project sand and particles backwards after the 
wave has broken. This type of wave has the greatest potential for 
injury which is reflected in its much higher rating. 

 
Table 3. Wave Type Rating (WTR). 
 

Wave Type Surging Spilling Plunging Back-Blasting 
WTR 0 1 2 4 

 
When there are two surf-breaks with two different wave types, 

the higher rating of the two should be used. 
 

Zone Width Rating (ZWR) 
The zone width is another feature of the surf zone which has a 

major effect on the hazards faced by competitors struggling to 
get through it. The width of the surf zone is considered a hazard 
because of the potential for most other surf features to 
continually act upon the competitor while traversing it. The 
difficulty in avoiding these other hazards increases as the zone 
width increases. In addition, when an incident requiring rescue 
operations occurs within this zone, the width is a determining 
factor in whether the competitor can be seen, and if he/she can 
be rescued before submerging. Consequently the range of the 
zone width scale (0 to 8) needs to be of the same order as the 
wave height range. 

 
Table 4. Zone Width Rating (ZWR). 
 

Zone 
Width 

(metres) 

0 Up 
to 
20 

Up 
to 
40 

Up 
to 
60 

Up 
to 
80 

Up 
to 

100 

Up 
to 

120 

Up 
to 

140 

Up 
to 

160 
ZWR 0 1 2 3 4 5 6 7 8 

 
The width of the surf zone is measured (in metres) from knee 

deep water on the shore, seawards, to the furthest breaking 
wavefront. However, when more than one break occurs between 
the outer break and the shore, a rating for each zone should be 
calculated separately and included. Again, the maximum 
observed value is used to provide a margin for safety. 

The ratings change each 20 metres as this provides a suitable 
range of rating values over the surf zone lengths that are usually 
encountered. To assist observers in estimating the surf zone 
width, the authors have developed a workable heuristic that 
requires only the use of a stopwatch. The time (in seconds) for a 
broken surf front to travel from the outer to the inner edge of the 
surf zone is multiplied by four for breaking waves under 1.5 
metres high, or is multiplied by five for waves over 1.5 metres. 

The outcomes yield the approximate length of the surf zone (in 
metres). This heuristic is based on evidence from experiments 
currently being conducted by the authors in actual surf zones on 
various beaches. 

 
Surface Turbulence Rating (STR) 

Surface turbulence is a potential hazard because of its 
destabilising effect on craft and swimmers. Surface turbulence is 
the disturbance effect to the ocean surface caused by either (i) 
cross-wave development that is due to primary and secondary 
wave swell interaction, (ii) wind chop alone, or (iii) the 
interaction of cross-waves and wind chop.  

Wind chop consists of small wavelets or localised roughing-
up of the water surface due to the combined effects of wind 
gusts of various speeds and directions. The ratings are associated 
with appropriate sections of the standard Beaufort scale. 

 
Table 5. Surface Turbulence Rating (STR). 
 

Water 
Surface 

No Chop 
(glassy) 

Light Chop 
(5-12 kts) 

Medium Chop 
(12-25 kts) 

Large Chop 
( >25 kts) 

STR 0 1 2 3 

 
Cross-waves form at random angles to the primary swell 

direction, and are due to local storms or reflection of the primary 
swell by obstructions near the shore. They may also occur when 
the primary swell meets an outgoing rip current. When cross-
waves occur, an extra rating of 1 or 2 should be added to the 
STR ratings in Table 5 depending on the strength of the 
interaction. 

 
Littoral Drift Rating (LDR) 

Littoral drift (or sideways drag) concerns the longshore speed 
of water movement. This surf zone feature is hazardous to 
competitors while they try to negotiate the broken surf fronts, 
because it often causes craft instability. And possible difficulties 
with the ensuing rescue attempts. 

The littoral drift may be due to the oblique orientation of the 
broken surf front to the beach or to drainage from a sand bar or 
internal deep channel or gutter towards an outgoing rip (Brander 
and Short, 2001). 

 
Table 6. Littoral Drift Rating (LDR). 
 

Longshore 
Movement 

No 
drag 

Low Moderate Strong 
Very 

Strong 

  
Up to 

0.5 m/s 
Up to 

1.0 m/s 
Up to 

1.5 m/s 
Over 

1.5 m/s 
LDR 0 1 2 3 4 

 
The longshore speed of any person affected by the drag can 

be measured by timing the movement between two fixed shore-
based observation points that are 20 metres apart. For example, 
when the time taken for a person to drift the required 20 metres 
is 16 seconds (speed=1.25 m/s), the appropriate scale rating is 3. 
Brander and MacMahan (2001) have reported that a majority of 
rip speeds are less than 2 m/s. Consequently we use this as a 
guide to our upper scale for both LDR and RCR in Tables 6 and 
7. 
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Rip Current Rating (RCR) 
This descriptor rates the outward-flowing movement of water 

visible on the surface as a rip current. Rip currents must be 
included as a hazard because of the risks involved in controlling 
incoming and outgoing craft as the rip nears the wave-breaking 
region, and its subsequent effect on possible rescues of 
competitors. 

 
Table 7. Rip Current Rating (RCR). 
 

Offshore 
Movement 

No 
Rip 

Mild 
Mild to 
Strong 

Strong 

  
Up to 

0.5 m/s 
Up to 
1.0m/s 

Over 
1.0 m/s 

RCR 0 1 2 3 

 
Determining the speed of a rip is not easy without instruments 

(Brander and Short, 2001). It has been noted by Macmahan, 
Thornton, and Reniers (2006) that rip current strength increases 
with increasing wave energy and decreasing tidal levels. Our 
scales closely approximate the scale values in the study by 
Dusek and Seim (2013). To assist with estimates of rip speeds, it 
is suggested that a strong swimmer could be used. If the 
swimmer can swim against the current an observer should apply 
a rating of 1, but if progress can only be made by walking 
against the current the rating should be 2. Otherwise the rating is 
0 or 3 as appropriate. 

 
Other Hazards Rating (OHR) 

Other hazards not associated with wave-breaking, such as 
poor visibility, cold water, the presence of sharks, saltwater 
crocodiles or marine stingers, submerged rocks, man-made 
obstacles, potholes near the edge, may be included in a special 
category. 

 In the immediate vicinity of the observed section of the surf, 
a rating of 1 should be added for the presence of each significant 
rock cluster, reef, groyne, jetty, outflow pipe, wreck, floating log, 
thick seaweed, uncontrolled floating craft, as well as small 
marine stingers or pot-holes near the edge. 

A rating of 1 should also be added for visual impairment of 
the surf from the shore due to the rising or setting of the sun 
over the ocean. Low water temperature may also be a hazard for 
surf competitors. For each Centigrade degree below 15 ° C add a 
rating of 1. 

Finally, the presence of life-threatening marine creatures such 
as sharks, crocodiles, large marine stingers or dangerous 
pollution should be given an immediate hazard rating sufficient 
to cancel, move or postpone the surf carnival until the threat has 
been resolved. 

 
THE SURF HAZARD RATING EQUATION 

The Surf Hazard Rating (SHR) for any section of any beach at 
any time is the sum of the eight separate ratings discussed above. 
Thus, the relevant equation is given by: 

 
SHR = WHR +WPR +WTR +ZWR                                                                   

+STR +LDR +RCR +OHR  (1) 
 

Note that the SHR has been developed so that no fractions are 

involved. This makes it very simple to use and understand. 

 
RELIABILITY OF THE SHR MODEL 

Data collected from the Bond University Pilot Study funded 
in season 2012/13 and the SLSA Helmet Project funded in 
season 2013/14 was used to test the reliability of the recorded 
SHR by trained observers (McCoy, de Mestre, and Kumar, 
2014). The data was collected at thirty one different Australian 
beaches during the two seasons. Trained observers calculated 
their SHR values independently just before the first event of the 
carnival and also at any time during the carnival when it was 
considered that the SHR had changed. 

In all, fifty four instances of multiple recordings were 
obtained for SHR values ranging from 3 to 20. These yielded the 
following results for the differences in readings between raters 
(Table 8): 

 
Table 8. Differences in readings between raters. 
 

Difference Between Raters Frequency 
0 41 
1 12 
2 1 

Total 54 

 
As examples of the robustness of the model consider two 

hypothetical, real-time scenarios that could be observed and 
measured by experienced beach safety practitioners in a given 
arena. 

Scenario I:  Wave height 1.0 to 1.4 m; plunging waves; period 
about 8 seconds; surf zone width 50 m in the outer zone and 20 
m on the shore; wind speed about 20 knots with strong cross 
waves; no littoral drift, rips or other hazards. Substituting the 
relevant scales into Equation (1), 

 
SHR = 3+2+2+(3+1)+(2+2)+0+0+0 = 15 

 
Scenario II: Wave height 2.2 to 2.6m; spilling waves of period 

about 10 seconds; up to100 m  of surf zone right to the shore, no 
wind or littoral drift; rip speed 0.8m/s; no other hazards. 
Similarly for this scenario, 

 
SHR = 6+1+1+5+0+0+2+0 = 15 

 
These two different scenarios demonstrate that the same SHR 

value can be composed of many different combinations of surf 
feature ratings. However, the overall combined level of surf 
difficulty (as reflected by the SHR value) might remain the same, 
indicating similar levels of surf risk. 

 
CONCLUSIONS 

The McCoy-de Mestre SHR model presented in this paper 
provides an easy-to-use, simple, quantitative and real-time 
measure of the hazards to competitors that may exist within the 
surf zone. It is reliable, easy to calculate and does not rely on 
sophisticated technology. Any particular total rating may be 
composed of many different combinations of the individual 



126 McCoy and Mestre 
_________________________________________________________________________________________________ 
 

Journal of Coastal Research, Special Issue No. 72, 2014 

scale ratings. This reflects the multiplicity of contributing surf 
features that can be treated as the same level of danger.  

The SHR is determined by systematic observation and 
measurement of the main characteristics that constitute the surf 
zone dynamic. It is composed of seven major rating scales that 
can be objectively determined by any experienced surf personnel 
following some basic training. Each of the SHR descriptors 
accounts for particular aspects of the surf environment that 
separately and collectively may contribute to the level of danger. 
The rating system can be used as a tool to assist in the decision-
making process regarding surf-related risk for competitors at 
surf carnivals. 

SHR values are currently being correlated against problem 
incidents in surf boat races such as broaching, back-shooting, 
overturning and collisions. It clearly has future applications to 
any form of recreational or competitive surf sport. 

The SHR system forms the first and most basic part of any 
overall Competitor Surf Safety Index, which will eventually 
compare a competitor’s competency against the prevailing SHR. 
This is the next area of study that the authors propose to 
undertake. 

Because the system can be applied to the surf zone on any 
beach throughout the world, the authors invite readers of this 
paper to participate in extending the application of this SHR 
model elsewhere. Correspondence is welcomed concerning the 
proper training of observers or the clear understanding of these 
observational methods. 
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ABSTRACT 
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A laboratory experiment combined with numerical experiment had been carried out to test the applicability of a 
phase resolving model with non-hydrostatic pressure, SWASH, in simulating the time evolution of the detailed wave 
motion and hence in predicting the wave induced coastal hazards. Such model can also be used to investigate how 
fast wind waves adjust to new water depth when propagating over the rapidly varying water depth.  A series of 
laboratory experiments were conducted at the 2-D wave flume. The surface wave elevation, underwater orbital 
motion and bottom pressure were measured at different locations of the flume when waves propagate over varying 
water depth. When the observed time series surface elevation together with orbital wave motion estimated from the 
observed waves are used as boundary condition, the SWASH model simulated the time series of surface elevation as 
well as wave spectra close to the observation data at 10 different locations of the wave channel, which justifies the 
applicability of the model in simulating various wave induced coastal hazards. The analysis of numerical simulation 
using SWASH model showed that waves propagating to the different water depth adjust quickly to the new water 
depth and wave dynamics can be estimated from the local water depth. The further applications of the model in 
simulating various coastal hazards are discussed. 
 
ADDITIONAL INDEX WORDS: SWASH model, wave motion, wave induced hazard. 
 

 
INTRODUCTION 

Most of coastal hazards occur at nearshore waters, extending 
from the beach to water depths of about 10-20 meters. Various 
coastal processes induced by the incident waves can cause 
coastal hazards that pose serious threats to human life and safety 
of coastal structures. To be able to predict the wave induced 
coastal hazards, we need first to be able to estimate wave motion 
in the coastal waters. In many applications of coastal 
engineering, surface elevation, wave orbital velocities and mean 
current induced by waves need to be modeled properly. Due to 
the complex processes in the nearshore, accurate prediction of 
wave motion and its resultant processes are difficult. For 
monochromatic waves in constant water depth these information 
can be derived from classical wave theories. But for the non-
linear irregular waves propagating over a sloping bed, direct 
application of wave theory is limited.  

In relatively shallow coastal area wave action becomes 
important because of several processes such as the variations in 
the wave-induced momentum flux. In conventional coastal 
models, these processes are accounted for in a wave-averaged 
manner. The wave information in the coastal region that can be 
produced by the shallow water wave spectral transformation is 

 
the overall statistical information of wave energy distribution in 
frequency and direction. Detailed information of the wave 
motion and wave induced processes  are not obtained by spectral 
wave model. The wave-averaged processes such as wave setup 
and wave induced current are usually estimated by solving the 
time averaged equation of motion together with a spectral wave 
model. For example, Delft 3D-FLOW (Deltares, 2011) is 
coupled with SWAN, a third generation wave model which 
computes the directional and frequency spectrum, by sharing 
information through a communication files. 

By coupling time averaged flow model and wave spectral 
model, both the effect of waves on current and the effect of flow 
on waves are accounted for (Deltares, 2011).Waves in coastal 
areas in general have random characteristics, and water depth 
sometimes vary rather rapidly in coastal waters and waves 
become highly non-linear. Linear wave theory for mild slope is 
usually used when estimating wave induced terms such as 
radiation stress, which is not accurate in shallow water for 
random, nonlinear waves propagating over the sloping bed. 

An alternative to study the wave-induced processes is to use 
phase-resolving models which solve the conservation equations 
of mass and momentum. For example, the Boussinesq-type 
models (Madsen, Murray, and Scrensen, 1991; Nwogu, 1993; 
Shi et al., 2012) can give more detailed description of the wave-
induced processes, like time-varying surface elevations and fluid 
velocities. 
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Figure 1. Plane view of wave flume and locations of measurement 
sensors. 

 
 
Recently, non-hydrostatic wave models have been developed 

and used to simulate the wave dynamics in the nearshore and 
surf zone (Zijlema, Stelling, and Smit, 2011; Smit et al., 2014; 
Ma, Shi, and Kirby, 2012). Compared with Navier-Stokes 
solvers non-hydrostatic models are more efficient because they 
use much less layers in the vertical dimension and use a single 
value to represent the free surface. Compared with Boussinesq 
models, they can provide the vertical profiles of velocities and 
pressures, which are of great interest for engineering practice. 

The purpose of this laboratory and numerical experiment is to 
investigate the feasibility of the non-hydrostatic wave models in 
estimating the time variations of surface elevation and 
subsurface pressure and velocity and to study the response of the 
waves propagating over different water depth. Further 
applications in coastal wave-induced hazard using the model are 
discussed. The characteristics of the deviation of the sub-surface 
wave hydrodynamics from linear wave theory are investigated 
from the combination of laboratory and numerical experiments. 

 
LABORATORY EXPERIMENT 

As a part of a series of laboratory experiment using Ocean 
University of China's laboratory facility, an experiment was 
designed to verify phase resolving wave model and to 
investigate the response of wave when it propagates over the bed 
with different water depth, where the wave propagation distance 
is major controlling factor.  It is designed to cover both cases of 
sudden increase and decrease of water depth using one bottom 
model for various environmental conditions. To compensate the 
limitation of laboratory experiment, numerical experiments were 
designed. 

The 2-D wave flume of Ocean University of China is 50 m 
long, 3.0 m wide and 1.5 m deep. Figure 1 shows the view of the 
wave flume and locations of measurement instruments. The 
surface wave elevation, underwater orbital motion and bottom 
pressure were measured using staff wave gauges, sub-surface 
pressure sensors and ADV current sensors with a sampling rate 
of 50 Hz for each series of experiment with combination of 
different wave conditions, water levels and current speeds with 
both regular and random waves as shown in Table 1. 

 
NUMERICAL EXPERIMENT 

Numerical simulations were carried out using phase averaged 
model, SWAN and also using phase resolving model, SWASH. 
The grid size is 0.05 m in the horizontal. Vertically 20 layers 
were used to fit the locations of bottom pressure gauges. 

SWASH (Simulating WAves till SHore) is a hydrodynamic 
model for simulating non-hydrostatic, rotational free-surface 
flows. 

Table 1.  Experiment conditions for both regular and random 
waves. 
 

Wave Level 
/m 

Wave Height 
/m 

Period 
/s 

Current Speed 
/(m/s) 

0.95 
0.05 
0.10 
0.15 

1.0 
1.5 
2.0 

-0.1 
0.0 
0.1 
0.2 

1.05 
0.05 
0.10 
0.15 

1.0 
1.5 
2.0 

-0.1 
0.0 
0.1 
0.2 

 
The model is based on the nonlinear shallow water equations 

including the non-hydrostatic pressure and is capable of 
describing the wave transformation in the surf-zone including 
non-linear interactions, wave-current interactions, wave 
breaking and run-up. 

In Cartesian coordinates, with x and z the horizontal and 
vertical coordinates respectively, the governing equations for 
SWASH in 2D vertical plane can be written as: 
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Where u	(x, z, t) and w	(x, z, t)are the horizontal and vertical  

velocities, respectively, ρ is water density, p  and p  are the  
hydrostatic and non-hydrostatic pressures, respectively. τ  , τ  , 
τ   and τ   are the turbulent stresses. 

The time series of the wave observation at St.1, which is 
located at 10 meter away from the wave generator were  used in 
preparing the boundary conditions of the numerical simulation. 
The observation data were band-pass filtered in order to remove 
noises that were not related to the wave orbital motion. Since the 
incident wave at station S1 is close to linear wave, the velocity 
signal at each layer are estimated based on linear wave theory. 
Subsurface orbital velocity induced by wave motion at the 
boundary is estimated by utilizing small-amplitude linear wave 
theory (Dean and Dalrymple, 1991). When the observed free 
surface elevation measured in the vertical direction from the 
mean water surface is expressed from the FFT analysis as 

 

η(x, t) = ∑ A cos	(k x − ω t + φ )
 
               (4) 

 
Velocity components, u (x, z, t) can be obtained as 

 

 
where φ is the phase shift angle, t is time. The amplitude 

component of the i-th frequency band    and frequency    and 
phase φ can be obtained from the Fourier analysis of the 
observed surface elevation. The wave number for a given water 
depth and frequency can be found from the wave dispersion 
relation: 

 

u( ,  ,  ) =  +  
    cosh[  ( + ℎ)]

sinh[  ( + ℎ)] 

 

   

cos(   −    		  ) (5) 
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Figure 2. Time series of free-surface elevation simulated by SWASH 
Model at 10 different locations compared with observation data (red: 
observation, blue: model).  

 
 

 (6) 

 
The wave orbital velocity at each layer estimated by the above 

equation is used as boundary condition together with time series 
of surface elevation. A weakly-reflective boundary was applied 
at the wave boundary, and the Sommerfeld radiation condition 
was applied at the end of the numerical domain in order to 
minimize the effect of the reflection. The time duration of the 
numerical simulation was 120 sec, the same as used in the 
physical model experiments. For the wave spectral model 
SWAN, wave spectral information observed from the station A1 
is used as boundary condition. Numerical models were carried 
out to obtain the wave hydrodynamic information for many 
interesting points that laboratory experiments cannot provide.  

 
MODEL RESULTS 

Each test case shown in Table 1 was simulated using the 
SWAN and SWASH models. The SWAN provides only the 
wave spectra, while the SWASH provides the time series of 
surface elevation and wave orbital motion and sub-surface 
pressure at each layer. 

The time series of surface elevation obtained by the SWASH 
model at 10 locations along the wave channel are compared with 
observation data. As an example shown in Figure 2, the 
numerical model with non-hydrostatic pressure model simulated 
the time series of surface elevation very accurately with good 
agreement with observation data from the physical model. The 
predicted horizontal velocities using SWASH model are also in 
good agreement with the observations. 

Wave spectra were obtained from the spectral analysis of 
surface elevation simulated by SWASH model and are 
compared with those simulated by SWAN model as well as with  

those from the physical model in Figure 3. The upper case is for 
rather small wave height (Hs=0.058 m), while the lower case is  
for the bigger wave height (Hs=0.085 m). The wave spectra 
simulated by both SWAN and SWASH model agree well with 
those from physical model for the upper case. We see that the 
fluctuation of wave energy with different frequency at the lower 
case can be better simulated by SWASH than SWAN model, 
which indicates that SWASH model can handle the non-linear 
wave interaction better than the SWAN model. 

The pressure transfer function   , and the velocity transfer 

function 	  estimated from the small-amplitude linear wave 
theory are: 

 

  =
cosh	[( ( + ℎ)]

cosh	( ℎ) 
 (7) 

 

	
(8) 

 
Here k is wave number,  h  is water depth,  

The pressure transfer function,	  
 , and the velocity transfer 

function,   
 , can be estimated from the simulation results as 

follows: 
 

 

 

 

Figure 3. Example of comparison of wave spectrum simulated by 
SWAN and SWASH models and that measured from physical model 
(red: observation; green: SWASH Model, black: Swan Model) at nice 
different locations along the wave channel. 
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Figure 4. Example of bottom pressure and velocity transfer function 
compared with that of linear wave theory (red line: Kp and Ku of the 
linear wave theory, blue line: Kp and Ku estimated from SWASH 
simulation data, Upper 8 figures: Hs=0.054 m, Fp: 0.475 Hz,  lower 8 
figures: Hs=0.157 m, Fp=0.458 Hz, at four equally space location.) 
(upper: segment 2, lower: segment 3). 

 
 

 

(9) 

	

 
(10) 

 
Here,    ,	    and	   	are spectra of surface wave, sub-surface 

pressure and velocity, respectively. 
The time series of the surface elevation, sub-surface pressure 
and velocity at each layer simulated by SWASH are analyzed to 
obtain spectra of surface wave, sub-surface pressure and 
velocity so that the transfer functions K 

  and K 
  are estimated at 

each grid point along the wave channel. Some examples of 
transfer functions at four equally spaced locations for the two 
segments are shown in Figure 4. 

The second segment (segment 2) is a slope with bed slope of 
1/5 that water depth decreases from 0.95 m to 0.35 meter, while 
the third segment (segment 3) is a flat bottom with water depth 
of 0.35 m as shown in Figure 1. The pressure and velocity 
transfer functions estimated from the SWASH simulation data at 
four different locations are almost the same as those estimated 

by linear waver theory when wave height is rather small (upper 
figures). When the wave height is large as shown in the lower 
case of Figure 4, both  pressure and velocity  transfer functions 
simulated by SWASH is higher than the linear wave transfer 
function  as the impact of non-linear waves. 

To see the spatial variations of the transfer functions along the 
channel, the spatial variations of the transfer function at three 
frequency bands along the segment 2 are plotted in Figure 5.  
The pressure and velocity transfer functions simulated from the 
SWASH results increase smoothly with the decrease of water 
depth over the slope and agrees well with those obtained from 
the linear wave theory using local water depth when wave is 
small (upper figures).  They show the same trend but with some 
differences in values when wave is high (lower figures). The 
variations of the transfer functions are shown at Figure 6 for the 
flat bottom (segment 3). The values remain almost constant with 
propagation of waves at constant water depth.  We can see that   
wave trains adjust to the new water depth very fast even when 
wave propagates over a sloping bed so that the wave dynamics 
can be approximately described by the local water depth.  It was 
shown that waves respond to the change of water depth rather 
quickly as it propagates over sloping bed and the constant water 
depth after rapid change of water depth. 
 

 

 

 

Figure 5. Spatial variation of bottom pressure and velocity transfer 
function (K ,K )for three given frequency bands (upper: F=0.85 Fp, 

middle: F=Fp, lower: F=1.2 Fp) when wave propagating over the slope 
(segment 2).  (red line: from linear wave theory, blue line: obtained from 
SWASH model output, upper for wave Hs=0.056 m and Fp=0.608 Hz, 
down for wave wave Hs=0.157 m and Fp=0.458 Hz). 
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Figure 6. Spatial variation of bottom pressure (Kp) and velocity (Ku) 
transfer function for three given frequency bands (upper: F=0.85*Fp, 
middle: F=Fp, lower: F=1.2*Fp) when wave propagating over flat bottom 
for the wave Hs=0.056m and Fp=0.608 Hz) (red line: Kp, Ku (linear wave 
theory), blue line: Kp’, Ku’(obtained from SWASH model output). 

 
 
The variation of bottom pressure transfer function over all the 

five segments, combination of sloping and constant beds (Figure 
1), is shown in Figure 7. We can see that the transfer function 
follows to that obtained from the linear wave theory using local 
water depth when wave height is small, while it is somewhat 
bigger than the linear transfer function when wave height is 
bigger, due to non-linear effect.  For the shallow flat bottom in 
the middle of the channel, we see that the value approaches to 
constant quickly as waves propagate over the flat bottom after 
sudden depth change. In the slope with increasing water depth 
(segment 2) the ratio, Kp’/Kp, which is somewhat high in the 
beginning, decreases to unity while the ratio increases at the 
slope with increasing water depth (segment 4). Over the flat 
bottom (segment 3 in the middle and segment 5 in the right side) 
it tends to decay to unity with the propagation of waves.  
 

 

 

Figure 7.  Spatial variation of bottom pressure transfer function 
(K )	along the channel (left) together with the ratio, Kp'/Kp (right). (red 

line: linear wave theory, blue line: obtained from SWASH model output). 

 

The deviation of the transfer function from the linear transfer 
function with propagation of wave trains are attributed to many 
effects such as the  non-linear wave, current in addition to the 
change of water depth. The examples with rather small waves 
are shown where the non-linear effect is rather small. Only 
qualitative analysis was made from the simulation results 
because of limitation of information for quantitative analysis. 

 
CONCLUSION AND DISCUSSION ON APPLICATION 

TO COASTAL DISASTER PREDICTION 
The comparison of the time series of the surface elevation 

observed from the laboratory experiment with those simulated 
by SWASH model showed that the model can simulate the time 
series of the wave motion very well. As long as surface 
elevation and orbital velocity at each layer are simulated well, 
we may assume that various processes induced by wave-current 
interaction can be also simulated well by SWASH model and 
that the model can be a good candidate to simulate the detailed 
wave induced processes at the surf-zone. The wave energy 
spectrum calculated from the time series surface elevation 
simulated by SWASH model also agreed well with the 
measurement data. The high frequency region of wave spectra 
was simulated by SWASH model better than SWAN model, 
which indicates that wave-wave interaction can be simulated 
well by SWASH model. 

The time series simulation of the orbital velocity and sub-
surface pressure produced by SWASH model agree well with 
wave theory. It was shown that waves propagate to different 
water depth responds quickly to the local water depth so that 
waves can be described by local water depth. The SWASH 
model is shown to adequately reproduce the vertical structure of 
the wave motion. 

The application of the results can be used in estimating wave 
forces on subsurface structures and bottom sediment as well as 
in surface wave recovery from subsurface measurements.The 
characteristics of the deviation of the sub-surface wave 
hydrodynamics from the wave theory can be further investigated 
from the combination of laboratory and numerical experiments. 

Since SWASH model is a time domain model, the wave run-
up at the swash zone can be simulated. By vertically integrating 
the flow velocity at each layer, the instantaneous wave 
overtopping discharge can be also calculated, which is 
impossible to estimate from the phase averaged models. Wave 
averaged phenomena such as wave set-up, long-shore and rip 
current can be simulated by the phase resolving model as well as 
by the phase average model. However, for the phase averaged 
model, there are some simplifications and assumptions in 
estimating the wave-current interaction through coupling of 
wave averaged flow model and wave spectral model. In the 
SWASH model such wave-current interaction are automatically 
handled internally since the detailed information of flow and 
wave combined motion is simulated simultaneously in time 
domain.The wave run-up and overtopping prediction can be 
established by means of empirical relation between wave run-
up/overtopping and breakwater characteristics and incident wave 
conditions estimated by wave averaged model. For the cases 
where empirical data do not exist, or where other methods do 
not give reliable results, the numerical model like SWASH 
Model can be used to simulate the process of wave run-up and 

2 4 6 8 10 12
0

0.5

1

Hs:0.5m     Tp:1s    dep:0.85m

K
p

2 4 6 8 10 12

1

2

R

2 4 6 8 10 12
0

0.5

1

Hs:0.5m     Tp:1.5s    dep:0.85m

K
p

2 4 6 8 10 12
0.5

1

1.5

R

2 4 6 8 10 12
0

0.5

1

Hs:0.5m     Tp:2s    dep:0.85m

K
p

distance(m)

2 4 6 8 10 12
0.5

1

1.5

R

distance(m)



132  Wu et al. 
_________________________________________________________________________________________________ 
 

Journal of Coastal Research, Special Issue No. 72, 2014 

overtopping after validation and calibration with laboratory and 
field experiment data. 

In many cases, the wave average processes such as wave 
setup, wave induced current occur together with short-term 
wave motion, which make the situation more dangerous.  During 
the attack of storm surge and waves, wave run-up and 
inundation may be co-existence and affected by various wave 
induced processes at the surf-zone and swash-zone. Sediment 
transport is also induced by the combined motion of mean flow 
and wave orbital motion. For more accurate and efficient 
simulation of wave induced coastal hazards, further studies on 
the phase resolving models by means of laboratory and 
numerical experiment and the proper combination of phase 
averaged model with phase resolving model is necessary. 
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ABSTRACT 
 
Min, B.; Park, K.; Youm, M., and Suh, K., 2014.  Improvement of the wet and dry algorithm for an inundation 
problem using a parallel numerical model. In: Lee, J.L.; Leatherman, Stephen P., and Lee, J. (eds.), Proceedings 
3rd International Rip Current Symposium (Busan, Republic of  Korea), Journal of Coastal Research, Special Issue, 
No. 72, pp. 133-138.  Coconut Creek (Florida), ISSN 0749-0208. 
 
Rip current flow is dependent on wave-induced set up and thus on wave conditions and wave dissipation. Waves will 
break over the bar if the ratio of wave height to water depth exceeds a certain value. This implies that rip currents are 
not only dependent on wave height but also on water level that might be modified by the tide. Many studies noticed 
rip-current in tidal environments is that tide acts mainly as a change in water level. In coastal regions, the flooding 
and ebbing of the tide and waves play important roles in the local ecosystem and coastal physical processes. The 
complex physical process of a flood and ebbing wave presents a nontrivial modeling challenge. For a closed water 
body, where evaporation, precipitation and ground absorption are not considered, the total water mass should be 
conserved during inundation or draining. In this study, the ADCIRC (Advanced CIRCulation Model) was configured 
for a 120 by 120 km, square-shaped model domain. A bowl-shaped water system, with a surface diameter of 60 km 
and a maximum depth of 9 m, was embedded in the center of the model domain. A mass conserving wetting and 
drying scheme, which is very simple and practical. The water mass removed from any wet cell is uniformly 
redistributed into the system to maintain the water mass balance. Since there is a uniform change in the system, the 
hydrodynamic balance between the pressure gradient and the flow fields in the system is maintained. The 
redistribution of the water mass and readjustment of the sea surface elevation in the system are performed by the 
model in subsequent steps. The advanced wetting and drying scheme shows a good performance. This study was 
conducted as part of the wave-tide-surge coupling model (ADCIRC-SWAN) development which system can be used 
for predict the rip-current system combined with tidal environment. 
 
ADDITIONAL INDEX WORDS: Wet and dry, thin film algorithms, numerical model. 
 

 
INTRODUCTION 

Rip Current 
In coastal regions, the flooding and ebbing of the tide and 

waves play important roles in the local ecosystem and coastal 
physical processes. The waves and currents are the primary 
factors in the coastal sediment transport and deposition, 
coastline changes and beach profile. The wave energy 
distribution in the coastal region is a function of the wave period, 
wave direction and changed coastal bathymetry. The changed 
wave energy distribution is a primary driver of the rip current. 

Rip current flow is dependent on wave-induced set up and 
thus on wave conditions and wave dissipation. Waves will break 
over the bar if the ratio of wave height to water depth exceeds a 
certain value. This implies that rip currents are not only 
dependent on wave height but also on water level that might be  
modified by the tide. Over the last decades, scientists have been 
researching to improve our knowledge of topographically  
 

 
 
controlled rip currents through a variety of method including 
field (Brander, 1999; Bruneau et al., 2009) and laboratory 
(Castelle et al., 2010; Haller and Dalrymple, 2001) experiments, 
video imaging systems (Holman et al., 2006; Turner et al., 2007) 
and mathematical and numerical modelling (Castelle et al., 2006; 
Kim, Lee, and Lee 2011; Lee et al., 2013; Reniers et al., 2009). 
The strongest rip velocities have been observed at low tide 
(Aagaard, Greenwood, and Nielsen, 1997; Brander and Short 
2000; MacMahan et al., 2005) while during high tide, more 
waves propagate over the bar without breaking and the rip 
current is weaker or completely inactive. Other studies noticed 
maximum rip current intensity between low and mid tide for 
low- to moderate-energy wave conditions (Brander and Short, 
2000; Bruneau et al., 2009; Castelle et al., 2006) and rip current 
likely not flowing at high tide. For the Dutch coast, Winter et al.  

(2014) have confirmed this mechanism of rip current occurrence 
as a function of water level. For the Korean coast, Chun et al. 
(2013) shows the importance of wave-current interaction for 
accurate reproducing the rip currents at Haeundae Beach which 
is located at the southeast Korea. The rip-current forecasting 
system was introduced using the hydrodynamic and wave 
models (Lee and Park, 2001) at Haeundae Beach which system 
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has been built in a modular way with two sub-modes. Each 
model communicate with each other, such as tidal elevation, 
radiation stress, bottom friction, surface shear stress and wave 
induced current. Overall, the common perception of rip currents 
in tidal environments is that tide acts mainly as a change in 
water level. 

Wet and Dry Algorithms 
The physical process of the flooding or ebbing of the wave 

presents an important modeling challenge. As a flood wave 
inundates dry areas, the model must include these areas and 
incorporate the wet areas into the model. Especially, in the case 
of wave modeling, the model shall be able to simulate the 
ebbing by drying elements and removing them from the 
computations. Depending on the scheme, these additions or 
removals from the computations may be activated (wetted) or 
deactivated (dried) within the computational matrix, or the dry 
elements are implicitly flagged as ‘dry’ but a virtual water level 
still be included in the computations. 

WD (Wet and Dry) algorithms can be categorized into four 
numerical schemes: thin film, element removal, extrapolation 
and negative depth. This paper reviewed thin film WD 
algorithms and adopted the ADCIRC model to improve the mass 
balance in global domain. The thin film algorithms specify a 
viscous sub-layer of fluid over the entire computational domain. 
This allows all nodes, elements, and cells to be included in the 
computational domain at each time step. There is typically a 
minimum threshold depth that defines the categories of wet or 
dry in the model, even though there is some fluid present over 
the entire domain. 

Two-dimensional finite element model for river floodplain 
inundation was developed by Bates and Anderson (1993). The 
adopted WD scheme by Bates and Anderson (1993) operated on 
a fixed mesh and applied a coefficient to represent the velocity 
of river flow. This enabled the model to include partially wet 
elements in the computations and ensured smooth transitions 
from wet to dry. This model is shown to conserve mass locally 
within 2%. 
 

 

 
Figure 1. Unstructured mesh for the enclosed circular basin of Xie, 
Pietrafesa, and Peng (2004). 

 
 
 

As explained by Oey (2005), the Princeton Ocean Model 
(POM; Mellor et. al., 2002) utilized a variety of approaches to 
implement WD into this finite difference model. In this wet or 
dry region, cells were defined with a small film of water called 
with depth Hdry (stated to be 5 cm) in which the equations of 
mass and momentum conservation could be solved. This is one 
of the simpler, more robust schemes employed; however, it falls 
into the category of algorithms that require a nonzero depth in 
every cell, thus solving the equations for all cells at each time 
step. Xie, Pietrafesa, and Peng (2004) thoroughly explained this 
algorithm and applied it to an idealized test case. 

In the framework of the one-dimensional discontinuous 
Galerkin finite element discretization, Bokhove (2005) 
presented a WD scheme that sought to preserve the water depth 
as a positive value. 

FVCOM (Chen, Liu, and Beardsley, 2003) is a finite volume 
coastal ocean model. The WD algorithm in the model is 
described as a point treatment incorporating a viscous sub-layer 
of specified thickness (to avoid zero depth and the resulting 
singularity). 

Recently, Dietrich, Kolar, and Luettich (2004) is a reported 
their performance of the adopted WD scheme to ADCIRC 
model. They concluded that the minimum wetness height (Hmin) 
showed acceptable behavior for all values less than or equal to 
0.01 meters. But they did not suggest that there was a lower 
bound for this parameter. 
 

 

 
Figure 2. The location of the hurricane center relative to the model 
domain. 

 
 

Because, for the Inlet Problem, mass balance errors continued 
to decrease as Hmin was decreased to 0.0001 meters. In this study, 
we improved the mass balance problem in ADCIRC model by 
adopting the WD scheme suggested by Oey (2005) mentioned 
above and applying it to idealized test case explained by Xie, 
Pietrafesa, and Peng (2004). 
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METHODS 
 
Numerical Model 

The basic structure of wave-tide-surge coupling system was 
developed by Dietrich et al. (2010) which system consist of two 
model ADCIRC and SWAN. ADCIRC (the ADvanced 
CIRCulation model) is a continuous-Galerkin, finite-element, 
shallow-water model that solves for water levels and currents at 
a range of scales (Luettich and Westerink, 2004). SWAN 
(Simulating WAves Nearshore) predicts the evolution in 
geographical space and time of the wave action density 
spectrum, with the relative frequency and the wave direction, as 
governed by the action balance equation (Booij, Ris, and 
Holthuijen, 1999). For the coast of Korean Peninsula, Choi et al. 
(2013) have been successfully reproduced the wave-tide-surge 
coupled simulation for Typhoon Maemi as well as effects of 
current induced wave refraction and current on wave which 
consider the bottom boundary layer and sea surface roughness 
parameter for shallow and smooth bed condition. 
 

 

 
Figure 3.  A series of contour plots showing the wet/dry interface for 
parameter  Hmin=0.05 m. 

 

 
The result of Choi et al. (2013) shows that it is important to 

incorporate the wave-current interaction effect into coastal area 
in the wave-tide-surge coupled model. At the same time, it 
should consider effects of depth-induced wave breaking, wind 
field, currents and sea surface elevation in prediction of waves. 
Specially, wave radiation stress enhanced the current and surge 
elevation otherwise wave enhanced nonlinear bottom boundary 
layer decreased that. In this study, we introduced the 
improvement of the WD scheme to ADCIRC model which have 
been adopted by Choi et al. (2013). 

 
Experimental Set-Up 

In this study, ADCIRC was configured for a 120 by 120 km, 
square-shaped model domain, with grid sizes of 300 ~ 600 m. 
The coordinates were oriented east for a positive x, and north for 
a positive y. A bowl-shaped water system, with a surface 
diameter of 60 km and a maximum depth of 9 m, was embedded 
in the center of the model domain (Figure 1). 
 

 

 
Figure 4.  A series of contour plots showing the wet/dry interface for 
parameter  Hmin=0.5 m. 
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To simplify the model test run further, the minimum water 
depth along the coast was initially set to 1.0 m, with the water 
depth at the center assumed to be 9.0 m. The interior water depth 
at any grid point was computed using linear interpolation. On 
land, the minimum land elevation around the sea-land boundary 
was set to 0.25 m, with a relatively small topographic slope of 
1/7500. A category 3 hurricane moved northward offs the 
eastern border of the study domain (Figure 2). The radius of the 
maximum wind speed was set to 50 km; the minimum pressure 
and track of the assumed hurricane are listed in Table 1. 
 

 

 
Figure 5. A series of contour plots showing the wet/dry interface (using 
a mass-conserving inundation scheme) for parameter  Hmin =0.5 m. 

 

The hurricane approached from the southeast, and moved 
northward for the first 42 hours, at a speed of 17 km/h, with a 
constant center pressure of 960 mb. Subsequently, the hurricane 
accelerated northward as the local atmospheric pressure 
increased to 990 mb. The hurricane was assumed to have 
completely moved out of the study area during the last two days. 
This process of quickly shutting down the mechanical forcing of 
the hurricane winds was designed to allow the system to return 
to its original state following the hurricane’s passage. Without 
any loss of generality of the coupled inundation- circulation 
model, the tangential surface wind field of the hurricane was 
computed according to the axis-symmetric hurricane model 
proposed. 
 

  =    (  −   ) exp −
 

  
 /   

 / 
    (1) 

 
Where    =1,000 mb, B =1.9 and, A = (    )

  with     =50 km   (2)  
 

Xie, Pietrafesa, and Peng (2004) proposed a mass conserving 
wetting and drying scheme which was very simple and practical. 
During the flooding process, some dry grid cells become wet 
cells. These new cells gain water mass at the expense of water 
from the existing wet cells, where the water level is 
incrementally lowered via an iterative process to balance the 
total water mass. Conversely, when the water level drops below 
the specified threshold depth at any grid point, the 
corresponding grid cell is drained. The water mass removed 
from any wet cell is uniformly redistributed into the system to 
maintain the water mass balance. 

The scheme developed by Xie, Pietrafesa, and Peng (2004) 
was chosen to uniformly redistribute the water mass in the 
system during both the flooding and draining processes. Since 
there is a uniform change in the system, the hydrodynamics 
balance between the pressure gradient and the flow fields in the 
system is maintained. The redistribution of the water mass and 
readjustment of the sea surface elevation in the system is 
performed by the model in subsequent steps. 

 
PRELIMINARY RESULTS 

Figures 3 and Figure 4 show a series of contour plots of the 
wet/dry interface for the default value (due to the ADCIRC 
validation test report) at every 6 hours into the simulation. The 
first two rows show the initial wetting phase of the simulation, 
while the last image shows what should be a drying phase, with 
all the water returning to the original basin under minimal winds. 
For a small value of Hmin, the wetting front was observed to take 
longer to begin advancing. This was because higher Hmin values 
require more water to build up behind the wetting front before 
allowing the wetting front to advance. Also, small Hmin values 
allow for better mass conservation, but Figure 3 shows the 
wetting node around the original basin under minimal winds. 
Figure 4 shows that there is reasonable wet front under minimal 
winds, but that the water level increased by 1 m. Figure 5 shows 
the mass conserved scheme, including the numerical results, 
where the inundation area was generally smaller than that in the 
corresponding mass-conserved case. 

 

Table 1. The track and center pressure of the assumed hurricane (X 

and Y are the hurricane center position relative to the southeast corner 

of the study domain).  

Time (h) X (km) Y (km) Pressure (mb) Rmax (km) 
Vmax (m/s) 

0 20 -350 960 50.0 
6 20 -250 960 50.0 
12 20 -150 960 50.0 
18 20 -50 960 50.0 
24 20 50 960 50.0 
30 20 150 960 50.0 
36 20 250 960 50.0 
42 20 350 960 50.0 
48 20 1000 960 50.0 
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CONCLUSIONS 
This study was conducted as part of the wave-tide-surge 

coupling model (ADCIRC-SWAN) development (Choi et al. 
2013). However, this model has several limitations. Firstly, the 
unstructured spectral wind wave model does not contain a 
diffraction term, thus, must be used carefully for coastal areas 
with several artificial structures. Secondly, the spectral wind 
wave model adopted first order geographical propagation 
schemes, which were not suitable for experiments on a long 
distance propagated swell, because the low order scheme was 
more diffuse than the high order scheme. Thirdly, this system is 
a depth averaged model; thus, the vertical structure of the 
current, radiation stress, surface stress and bottom boundary 
layer was simplified. Fourthly, the wet and dry schemes did not 
apply to the spectral wind wave model. But this coupled system 
was a good starting point for operational wave-tide forecasting 
and can be easily extended to regional sites of interest. Also, this 
system can be used for predict the rip-current system combined 
with tidal environment. 

The modified ADCIRC model with advanced WD algorithm 
based on results of Xie, Pietrafesa, and Peng (2004) were 
combined to simulate typhoon produced flooding and ebbing in 
an idealized close bowl system. The main results are 
summarized as follows:  

1) The incorporation of the modified WD scheme into 
ADCIRC model enabled the application of a two dimensional 
hydrodynamic model for typical tidal, surge and wave systems 
under meteorological forcing.  

2) The mass conservation constraint was employed used in the 
modified WD algorithm suggested by Xie, Pietrafesa, and Peng 
(2004). Notably, by using the modified WD scheme, the closed 
bowl system was able to return to its initial state after the 
flooding and ebbing process. 

3) The modified WD algorithm can be used in the parallel 
model by passing only one variable between the computational 
nodes. Thus the modified method does not require any 
additional computer resources to solve the problem.  
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ABSTRACT 
 
Shin, S.; Cox, D., and Yoon, H.D., 2014. Numerical modeling of surf zone hydrodynamics over movable bed. In: 
Lee, J.L.; Leatherman, Stephen P., and Lee, J. (eds.), Proceedings 3rd International Rip Current Symposium (Busan, 
Republic of Korea), Journal of Coastal Research, Special Issue , No. 72, pp. 139-144. Coconut Creek (Florida), ISSN 
0749-0208. 
 
Understanding of hydrodynamics over moveable bed is crucial for predicting rip current generation. The capability of 
a numerical model based on Reynolds-averaged Navier–Stokes equations, COBRAS (COrnell BReaking waves And 
Structures), to simulate hydrodynamics over a movable barred beach was verified. The numerical simulation results 
were validated with the data collected from a large-scale two-dimensional experiment, which was conducted at the 
Hinsdale Wave Research Laboratory at Oregon State University. In this study, numerical model results were 
compared with the experimental results in terms of significant wave heights, wave setup, time-averaged horizontal 
velocities, and turbulent kinetic energy in different cross-shore locations. The COBRAS model successfully 
predicted the significant wave heights and setup from the offshore boundary to the vicinity of the bar location, but it 
slightly overestimated the significant wave heights when broken waves propagated to the shoreline. The numerical 
simulation was able to predict time-averaged horizontal velocities and turbulent kinetic energy well for all 
measurement locations. Overestimation of the turbulent kinetic energy at bar trough is because of the limitation of 
the turbulence closure scheme. Overall, based on the results of this study, the COBRAS model can be used to predict 
hydrodynamics in barred beaches, but improvement of the turbulence closure scheme is still required. 
 
ADDITIONAL INDEX WORDS: Large-scale laboratory experiments, wave breaking, turbulence, orphodynamics. 
 

 
INTRODUCTION 

One of the main reasons for rip current generation is bottom 
topography, including sand bars. It is well known that (rip) 
channels in alongshore sand bars on a beach often generate rip 
currents. MacMahan et al. (2005) showed the relationship 
between the rip current and beach morphology by conducting 
field observation (so called RIPEX). Haller, Dalrymple, and 
Svendsen (2002) conducted laboratory experiments and showed 
the effect of sand bar on the rip current generation. This sand 
bar migrates onshore or offshore because of the different wave 
and hydrodynamic conditions in the surf zone. For example, the 
suspended sediments, mainly caused by turbulent flow in the 
surf zone, move onshore and offshore along with the ambient 
currents. Therefore, understanding hydrodynamics is very 
important for morphodynamics and rip current generation. 
However, there is still no clear understanding of nearshore 
hydrodynamics. 

Lin and Liu (1988) performed a quantitative evaluation of 
hydrodynamics in the surf zone, solving the Reynolds-averaged 
Navier–Stokes equations (RANS) for the mean flow field with a  

 
modified k–ε turbulence closer model and volume of fluid 
(VOF) method for the free surface movement. This numerical 
model, COBRAS (COrnell BReaking waves And Structures), 
has been widely used to simulate hydrodynamics in surf zone 
and near coastal structures (Garcia, Lara, and Losada 2004; 
Lara, Garcia, and Losada, 2006). Shin et al. (2006) used the 
COBRAS model to predict wave transformation and turbulence 
on a fixed barred beach in a large-scale wave flume. Recently, 
Torres Freyermuth, Lara, and Losada (2010) modified the 
COBRAS model to simulate hydrodynamics, including wave 
transformation and turbulence, on a barred beach. They 
modified offshore boundary conditions so that the program 
could easily accept measured data of free surface elevation with 
a velocity estimate. 
  Extending from these earlier studies, we investigated the surf 

zone hydrodynamics under moveable beach conditions, i.e., 
erosive and accretive beach conditions. The different features of 
the hydrodynamics under the erosive and accretive beach 
conditions would be helpful to better understand the 
relationship between hydrodynamic forcing and morphologic 
changes on a natural beach. For this purpose, the capability of 
the modified COBRAS model to predict the hydrodynamics 
under both beach conditions was investigated. The numerical 
model predictions were compared with the results from the 
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large-scale movable bed experiment that was part of 
CROSSTEX (CROss-Shore Sediment Transport Experiment), 
which was conducted in the large wave flume at Oregon State 
University’s Hinsdale Wave Research Laboratory (HWRL). 
The synoptic data set of water surface elevations and fluid 
particle velocities of the large-scale laboratory experiment 
provided the opportunity to validate the COBRAS model with 
realistic turbulence estimates without scale effect. The 
validation was conducted at six vertical elevations (Figure 1) 
across a number of cross-shore locations, including a bar crest, 
trough, and inner surf zone. 
 

LABORATORY EXPERIMENTS 
The experimental data for validation of the COBRAS model 

were obtained from large-scale laboratory experiments 
conducted in the large wave flume at HWRL (104 m long, 3.7 
m wide, and 4.6 m deep) as part of CROSSTEX (Yoon and Cox, 
2010; Yoon and Cox, 2012). To avoid repetition of details, a 
brief description of the experiment is given here. A natural 
beach was installed using approximately 800 m3 of Oregon 
beach sand with a median grain diameter (d50) of 0.22 mm. Two 
types of irregular waves were generated to simulate the different 
types of morphological cases: the formation of a sand bar 
(erosive case) and restoration of a planar beach (accretive case). 
For the erosive conditions (significant wave height: 0.6 m, peak 
wave period: 4.0 s, peak enhancement: 3.3), the vertical 
instrument array was held fixed, while the bathymetry 
transformed from essentially a planar beach to a barred beach 
(Figure 2). For each run (E1 to E6), the same irregular waves 
were generated by the wavemaker for 15 min. After E6, the 
beach was in quasi-equilibrium and the instrument array was 
moved to another five cross-shore locations (Figure 2) for runs 
E7 to E11. For the accretive conditions (significant wave height: 
0.4 m, peak wave period: 7.0 s, peak enhancement: 10.0), 
similar procedures were used, except that the vertical instrument 
array was alternately stationed at two locations for runs A1 to 
A4 (Figure 2). After the beach reached a quasi-equilibrium 
condition, the array was moved to five cross-shore locations for 
runs A5 to A9 (Figure 2). Following Yoon and Cox (2010), we 
used the notation erosive and unstable (EU), erosive and quasi-
equilibrium (EQ), accretive and unstable (AU), and accretive 
and quasi-equilibrium (AQ) (Figure 2). The location of the 
instrument array for each run was notated as a subscript of x, 
where x was positive onshore with x = 0 m at the wavemaker. 
In the present study, we adopted the averaged bathymetry 
during the EQ and AQ for the COBRAS simulations. 

Free surface elevations were measured at 10 cross-shore 
locations using wire resistance-type wave gauges mounted 
along the walls of the large wave flume (Table 1). The cross-
shore velocity (u), alongshore velocity (v), and vertical velocity 
(w) were measured at six elevations at each cross-shore location 
using an acoustic Doppler velocimeter (ADV) at a sampling rate 
of 50 Hz. ADVs were installed on a vertical array in the mobile 
instrument cart. The vertical array was lowered such that the 
sampling volume of the lowest ADV was 1.0 cm above the bed 
at the start of each run. The distances from the bed of the ADVs 
were 1.0 (ADV1), 5.0 (ADV2), 9.0 (ADV3), 20.0 (ADV4), 31.0 
(ADV5), and 50.0 cm (ADV6) (Figure 1).  

 

NUMERICAL SIMULATIONS 
This study used the modified COBRAS model (Torres 

Freyermuth, Lara, and Losada, 2010) for better estimation using 
measured free surface elevation for seaward boundary 
conditions. Torres Freyermuth, Lara, and Losada (2010) tested 
this model with small-scale laboratory experiments. A brief 
description of their model follows. The COBRAS model is a 
depth- and phase-resolving wave propagation model based on 
the RANS equation, where the instantaneous velocity and 
pressure fields are decomposed into mean and turbulence 
components: 
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Figure 1. Vertical stack of instrumentation, including ADVS (Yoon and 
Cox, 2012). 

 
 
Table 1. Locations of wave gauges and ADVs. 
 

Instrument Location (x) 

WG 
30.76, 45.79, 47.01, 48.22, 48.83, 56.56, 60.21, 

63.87, 67.53, 71.18 

ADV (EQ) 60.04, 63.70, 65.54, 67.37, 71.03 

ADV (AQ) 60.04, 63.70, 65.54, 67.37, 74.69 

 
where u is the instantaneous velocity, p is the pressure, and the 
angle brackets(< >) is the mean component, and the prime is the  
turbulent component. The k–ε equations for turbulent kinetic 
energy (TKE) per unit mass, k, and the turbulent dissipation rate, 
ε, are given as follows: 
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where i, j=1,2 for a 2-D flow field, r is the fluid density, gi is 
the i-th component of the gravitational acceleration, <tij> is the 
viscous stress tensor of the mean flow, and nt is the eddy 
viscosity. The governing equations for k and ε were derived 
from the Navier–Stokes equations and higher order correlations 
of turbulence fluctuations in k and ε were replaced by closure 
conditions. The present model comparison used the modified k–
ε turbulence closure model (nonlinear eddy viscosity model) to 
estimate the turbulent parameters. The empirical coefficients 

were C1ε=1.44, C2ε=1.92, σε=1.3 and σk=1.0. The RANS 
equations were solved by the finite difference two-step 
projection method and the VOF method was used for tracking 
free-surface elevation. 

The computational domain of the COBRAS model consisted 
of a portion of the wave flume. Waves were initially generated 
in the location of the wave gage at x=30.76 m with measured 
water surface elevation and estimated water velocities at each 
grid. The velocity time series were calculated through the 
second-order velocity potential. A fixed grid size of 10 x 5 cm 
was introduced. 

Figure 3 shows snapshots of the COBRAS results, including 
contour plots of the TKE per unit mass, k, calculated as follows: 
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Figure 2. Bathymetry and cross-shore locations of the instrument array (a) erosive and unstable (EU), (b) erosive and quasi-equilibrium (EQ), (c) 
accretive and unstable (AU), and (d) accretive and quasi-equilibrium (AQ), the vertical dashed lines represent the locations of the instrument array 
(Yoon and Cox, 2012). 

 
 
As shown in Figure 3, the model could estimate TKE over the 

whole computational domain, including the bore region, where 
the instruments hardly measured velocity because of the 
bubbles. The two series of snapshots clearly showed that wave 
breaking turbulence was initiated from the surface and reached 
to the bottom as waves propagated to the shore. 

 
RESULTS AND DISCUSSION 

The cross-shore variation of the signification wave heights 
(Hs) and mean water level (hmean) calculated from both the 
large-scale laboratory experiments and numerical simulation 
for the EQ and AQ are shown in Figure 4. The lowest panel 
indicates the bottom of the bathymetry. Overall, the model 
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predicted Hs and the setup well. Especially, the model results 
of Hs from the seaward boundary to the surf zone matched 
the experimental results well. Therefore, the COBRAS model 
could predict wave transformation well in barred bathymetry. 
However, the prediction of Hs in the saturated region showed 
discrepancies compared with the measured data in the EQ. 

Figure 5 shows the time-averaged horizontal velocity 
estimated by the experiment and the numerical simulation for 
the erosive (upper panel) and the accretive (lower panel) 
cases. The time-averaged horizontal velocity was onshore in 
the upper water column and offshore near the bed for the both 
cases. The wave-induced onshore mass flux (i.e., radiation 
stress) in the upper panel drove the offshore return flow near 
the bed (i.e., undertow). The magnitude of the undertow was 
proportional to the wave-induced onshore mass flux in the 
upper water column (Garcez Faria et al., 2000). In this sense, 
the erosive case showed larger undertow than the accretive 
case, because of the larger wave-induced onshore mass flux 
in the erosive case. This strong undertow may significantly 
contribute to erosive beach changes by transporting 
sediments suspended by wave breaking turbulence. 
 

 

 

 
Figure 3. Snapshots of the COBRAS model results, the colored contours 
show turbulent kinetic energy per unit mass (cm2/s2) when t = 108.9 s 
(upper panel) and t = 110.75 s (lower panel). 

 
 
On the other hand, in the accretive case, the weaker undertow 
contributed less to the offshore sediment transport near the bed. 

Figure 6 shows the time-averaged k from the experiment and 
numerical simulation for the erosive (upper panel) and the 
accretive (lower panel) cases. Overall, the results of the 
numerical simulation demonstrated a good capability to predict 
turbulence for both cases. The general trend over all cross-shore 
locations is that turbulence intensity was strong near the water 
surface level and decreased toward the bottom, as was expected 
from Figure 3. This supported that wave breaking in the roller 
region was a main source of turbulence in the surf zone.  

At the bar trough, the discrepancy between the numerical 
simulation and experimental measurements increased. This was 
attributed to the complex, transient, and bubbly flow, where 
wave breaking could not reform because of the short distance 
from wave breaking at the bar crest. It is known that in such a 
strong wave breaking region, the k–ε turbulence closure model 
overpredicts TKE (Bradford, 2000). Therefore, the numerical 
model overpredicted the time-averaged k near the bar trough 
where the strong turbulence was generated by wave breaking. 

 

 

 
Figure 4. Comparison of significant wave heights (Hs) and mean water 
levels (ηmean) between experimental data and numerical results for an 
erosive (a) and (b) and an accretive case (c) and (d). 

 
 

Far inside the surf zone, where the waves reformed after 
breaking, the numerical simulation agreed well with the 
experimental data. Significantly increased intensities of 
turbulence were observed in the inner surf zone owing to a 
second breaking as waves propagated onshore over shallow 
water. 

The COBRAS model successfully simulated wave heights, 
wave set-up and set-down, time-averaged horizontal velocity, 
and turbulence across cross-shore locations for erosive and 
accretive beach conditions. The prediction capability of the 
COBRAS model for hydrodynamic parameters, which was 
closely related to the development of sediment transport and 
morphological changes, was verified across a number of cross-
shore locations over a barred beach. In the near future, this 
study will be extended for unstable beach conditions (EU and 
AU in this study) to obtain a better understanding of 
morphological responses to hydrodynamic forces.  
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Figure 5. Cross-shore variations of time-averaged horizontal velocity estimated by the experiments (open circle) and numerical simulations (dotted 
lines) for erosive (upper panel) and accretive (lower panel) cases. 

 
 

 

   

     
Figure 6. Cross-shore variations of time-averaged TKE estimated by the experiments (open circle) and numerical simulations (dotted lines) for 
erosive (upper panel) and accretive (lower panel) cases. 
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CONCLUSIONS 
In this study, the hydrodynamics predicted by a numerical 

model (COBRAS) were compared with the experimental results 
from a large-scale laboratory experiment (CROSSTEX) under 
the erosive and accretive beach conditions, across a number of 
cross-shore locations, including a bar crest, trough, and inner 
surf zone. The hydrodynamic parameters, such as wave heights, 
wave setup, time-averaged cross-shore velocity, and TKE per 
unit mass agreed well between the numerical simulation and the 
large-scale laboratory experiment. The numerical simulation 
somewhat overpredicted the TKE at the bar trough in both 
erosive and accretive cases. This was probably because of the 
limitation of the turbulence closure model that it usually 
overestimates TKE in the strong wave breaking region. 
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ABSTRACT 
 
Kim, I.H.; Lee, H.S.; Kim, J.H.; Yoon, J.S., and Hur, D.S., 2014. Shoreline change due to construction of the 
artificial headland with submerged breakwaters. In: Lee, J.L.; Leatherman, Stephen P., and Lee, J. (eds.), 
Proceedings, 3rd International Rip Current Symposium (Busan, Republic of Korea). Journal of Coastal Research, 
Special Issue, No. 72, pp. 145-150. Coconut Creek (Florida), ISSN 0749-0208. 
 
The littoral drift cell of Bongpyeong Beach in Gyeongsangbuk-do ranges from Jukbyeon harbor to Goljang harbor. 
The beach erosion has largely occurred due to the expansion construction of Jukbyeon harbor. Headlands were 
installed as a countermeasure, however, the effectiveness of headland was not good as expected because of 
complicated coastal hydraulic phenomena. Furthermore, the headlands spoil the coastal landscape. Therefore, in this 
study, the field investigation of the shoreline and beach profile was conducted to analyze the characteristics around 
Bongpyeong Beach from 2013 through 2014. The causes of the beach erosion were identified by physical 
oceanographic investigation and numerical analysis. As a result, the complicated flow characteristics due to the 
construction of headlands and submerged breakwaters appear. The results also show that the sand has moved toward 
both sides of the headlands, and the beach erosion has accelerated in the beach located between the headlands. 
 
ADDITIONAL INDEX WORDS: Headlands, submerged breakwaters, rip current. 
 

 
INTRODUCTION 

The shape of urban development in eastern coast in South 
Korea is narrow and long, the distance from Taebaek mountain 
chain to eastern coast is approximately 7 km. Coastal areas in 
eastern part of South Korea face several natural and 
anthropogenic challenges, including lack of effective planning 
and management, coastal erosion, port development, 
urbanization and etc.  

Furthermore, reservoirs and hydraulic structures for water 
resources block the outflow of sand to the beach. It induces the 
imbalance of sand budget that is one of major causes in beach 
erosion. In particular, buildings and coastal roads nearby the 
beach have accelerated beach erosion as these structures ruin the 
good function of coastal dune.   

Due to the expansion of Jukbyeon harbor, beach erosion in 
Bongpyeong Beach, which is a target area in this study, is lately 
emerging as a social issue. Thus, Korean government 
constructed headlands and submerged breakwaters in 2013 to 
prevent beach erosion. However, the constructed coastal 
structures seem to accelerate beach erosion. 

Therefore, in this study, field observations and numerical 
analysis were carried out to find out the correlation between the 
characteristics of flow and the shoreline change after the 
construction of the headlands and the submerged breakwaters. 

STUDY AREA 
Bongpyeong Beach is located in Jukbyeon-myeon, Uljin-gun, 

Gyeongsangbuk-do and its length is approximately 2.5 km 
(between 37°03´12´´N and 37°02´06´´N and between 
129°24´57´´E and 129°25´00´´E). The beach is located between 
northern Jukbyeon harbor and southern Goljang harbor, and the 
source of beach sand comes from Chopyeong river. Tides 
affecting the beach is semi-diurnal with spring range of 0.26 m. 
However, the tidal influence is weak. East to north-east waves 
are mainly dominant in this coast during winter season, while 
south to south-east waves are dominant during summer season. 
Although the expansion construction of Jukbyeon harbor 
resulted in the maintenance of harbor tranquility (Figure 1), it 
caused the beach erosion as a side effect. The headlands (C, E, 
G) and the submerged breakwaters (D, F) in Figure 1 were 
constructed for prevention of beach erosion in Bongpyeong 
Beach, however, the  effectiveness of the structures was not 
good enough. Furthermore, the sand has moved toward both 
sides of headlands, and it induces continuous beach erosion 
between the headlands. 

 
METHODS 

A series of five aerial photographs (1980, 1990, 2005, 2010 
and 2013) and topographic maps were used to estimate and 
analyze the past shoreline positions of Jukbyeon Beach. All 
aerial photographs are in a 1:5,000 scale. The area of shoreline 
change after the construction of coastal structures was calculated 
from the aerial photographs.  

 

†Department of Ocean Construction  
Engineering 

Kangwon National University 
Samcheok, Republic of Korea 

‡Department of Civil and Environmental  
Engineering 

Hanzhong University 
Donghae, Republic of Korea 

 

www.cerf-jcr.org 

www.JCRonline.org 

§Department of Ocean Civil Engineering 
Gyeongsang National University 
Tongyeong, Republic of Korea 

 

∞Department of Civil Engineering 
Inje University 
Gimhae, Republic of Korea 

 



146 Kim et al. 
_________________________________________________________________________________________________ 
 

Journal of Coastal Research, Special Issue No. 72, 2014 

 

 
Figure 1. The study area (A) northern breakwaters, (B) southern breakwaters, (C) northern headland, (D) northern submerged breakwaters, (E) centered  
headland, (F) southern submerged, (G) southern headland, (H) newly northern breakwaters. 

 

 

 
Figure 2. Photos of erosion at Bongpyeong Beach (a)  beach erosion threatens safety of house with collapse 2014, (b) pine trees have been fallen and 
beach scarp, 3 m high, has been formed due to the beach erosion.

 
 

The length of shoreline, approximately 2.5 km, is relatively 
long, so that quad bikes that equip RTK GPS (Leica 1230) were 
used for the survey of shoreline change. Research staffs 
surveyed on foot in the place where the width of beach is narrow. 
To survey specific changes of beach profile, we divided research 
staffs into a land survey team and an offshore survey team. The 
land survey team entered the water to DL (-) 1.5 m and 
measured the elevation of beach profile with RTK GPS (Leica 
1230). The measurement of water depth was conducted by an 
oceanographic research ship equipped with Echo sounder from 
DL (-) 1.5 m to DL (-) 25 m. The acquired data were used to 
calculate the wave induced current in a equipped with Echo 
sounder from DL (-) 1.5 m to DL (-) 25 m.  

 
Table 1. Investigation item and investigation date. 

Investigation item              1st 2nd 
Shoreline change  2013.09.11 2014.03.25 
Beach Profile 2013.09.11 2014.03.25 
Water Depth 2013.09.12~ 

2013.09.13 
2014.03.19 
 

 

The acquired data were used to calculate the wave induced 
current in a numerical analysis. To determine the base shoreline, 
preliminary survey was conducted on 18 July 2013. Table 1 
shows investigation items and date. 

 
ANALSIS RESULTS 

 
Analysis of Aerial Photographs 

The change of beach area that resulted from the construction 
of structures in Jukbyeon harbor was investigated by the 
analysis of aerial photographs. We divided the beach into three 
areas that are categorized into P–zone (Port Zone), B–zone 
(Beach Zone), and H–zone (Headland Zone) (Figure 1).  

Compared with the aerial photographs taken in 1980, the 
beach areas in both P-zone and H-zone increased by 30,970 m2, 
while the area in B-zone decreased by 2,267 m2 in 1990 (Figure 
3).  

After the construction of submerged breakwater (F in Figure 3) 
and southern headland (G in Figure 3) in 2005, the beach areas 
of both P-zone and north side of B-zone increased by 12,191 m2, 
while the beach areas of both H-zone and south side of B-zone 
decreased by 6,172 m2 (Figure 3).  
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Figure 3. Analysis of aerial photograph at Jukbyeon Beach. 

 
 

areas of both H-zone and south side of P-zone decreased by 
13,214 m2 (Figure 3). 

From the analysis of aerial photographs taken in 2013, after 
the construction of northern headland (C in Figure 3) and the 
expansion of centered headland (E in Figure 3), the beach areas 
of B-zone and certain area of H-zone increased by 15,510 m2, 
while the beach areas of both P-zone and H-zone decreased by 
10,361 m2 (Figure 1). 

Especially in H-zone, the construction of northern headland 
(C in Figure 3) and the expansion of centered headland (E in 
Figure 3) brought about considerable shoreline change. The 
beach areas of both sides of headlands (11,210 m2) were newly 
formed. On the contrary, the other beach area except for the 
specific beach area near the headlands decreased by 2,617 m2 
(Figure 3). 
 
Analysis of Shoreline and Beach Profile 

Shoreline and beach profile surveys were conducted on 
September 2013, March 2014, and July 2014. For specific 
analyses of shoreline and beach profile changes, we divided the 
beach into 46 base lines at an interval of 40 m. Because the areas 
from JB43 to JB46 were not available because of the installed 
TTP (Tetra Pod) for prevention of beach erosion, the analyses 
for 42 base lines were conducted. From the analysis of the 
shoreline change, the shoreline at JB07 station in P-zone 
increases by approximately 30 m from September 2013 to 
March 2014 (Figure 3). A considerable shoreline change is not 
found in B-zone (Figure 4). For H-Zone, shoreline at JB28 
station increases by 30 m from September 2013 to March 2014, 
while shorelines in other stations are not changed for the same 
period (Figure 4). For the analysis of beach profile, the areas 
were classified into three zones, P-zone (Port zone), B-zone 
(Beach zone), and H-zone (Headland zone). Beach profile 
surveys were conducted from DL (+) 5.0 m to DL (-) 25.0 m. 
From the comparison of the survey conducted on September 
2013 with that conducted on March 2014, water depth is not 
changed around DL (-) 10.0 m. Therefore, it is presumed that the  
 

 
water depth of closure is about DL (-) 10.0 m. The analysis also 
shows that the beach profile from DL (+) 2.5 m to DL (-) 2.5 m 
at JB07 station in P-zone is considerably changed. The area of 
beach profile increases by 64 m2 from September 2013 to March 
2014 (Figure 5), while the beach profile in B-zone is slightly 
changed (Figure 5). At JB28 station in H-zone, the area of beach 
profile behind the headlands increases by 209 m2 from 
September 2013 to March 2014 (Figure 5). Meanwhile, the area 
of beach profile behind the submerged breakwater at JB34 
station decreases by 132 m2 for the same period. The analysis 
results of beach profile area show considerable change in certain 
areas near the headlands and submerged breakwaters. 

 
NUMERICAL ANALYSIS METHOD 

In this study, a 3-dimensional (3-D) numerical model with 
Large Eddy Simulation, which can directly simulate Wave-
Structure-Sandy beach interactions Shore (hereafter, LES-
WASS-3D; Hur, Lee, and Cho, 2012), was suggested to 
investigate the hydrodynamic characteristics of the 3-D flow 
field around the headland with submerged breakwaters that 
result from the interactions among waves, permeable structures, 
and a sandy beach. We adopted the Smagorinsky sub-grid scale 
model (Smagorinsky, 1963) to determine eddy viscosity. 
Furthermore, inertia resistance (Sakakiyama and Kajima, 1992), 
turbulence resistance (Ergun, 1952; van Gent, 1995), and 
laminar resistance (Liu and Masliyah, 1999; van Gent, 1995) are 
used in our model as fluid resistances for the submerged 
breakwaters and the sandy beach.  

The basic equations used are the continuity equation including 
a wave generation source for non-reflected waves, and the 
modified Navier-Stokes momentum equations that include fluid 
resistance in porous media to model a three-dimensional fluid 
field. 

In addition, free surface is governed in terms of the volume of 
fluid (VOF) function and, the proportion of the fluid volume in 
the cell to that of the whole cell volume (Hirt and Nichols, 1981). 
Detailed explanation about LES-WASS-3D model can be found 
in Hur, Lee, and Cho (2012). 
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Figure 4. Analysis of shoreline (a) July 2013 green baseline for survey, (b) result of shoreline survey.

 
 

 

 
Figure 5. Analysis of beach profile and beach profile area (a) JB07 in Figure 3, (b) JB19 in Figure 3, (c) JB28 in Figure 3, (d) JB34 in Figure 3.
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Figure 6. Numerical wave tank for numerical simulation.

 

 

 
Figure 7. Mean flow (a) without submerged breakwater, (b) with submerged breakwater (R = 2.0 m), (c) with submerged breakwater (R = 1.4 m), (d)  
with submerged breakwater (R = 0.7 m). 
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The shoreline change behind the northern submerged 
breakwater (D in Figure 1) in Figure 4 shows different aspect 
than we can expect after construction of a submerged 
breakwater. Generally, shoreline behind the submerged 
breakwater tends to advance seaward after a submerged 
breakwater is installed, forming tombolo. However, shoreline 
retreat is observed in both JB33 and JB34 stations behind the 
submerged breakwater in H-Zone. This result probably comes 
from that the height of the northern submerged breakwater is too 
low. In the field measurement, the crown depth along the 
northern submerged breakwater (the water depth from the crown 
of the submerged breakwater to the water surface) was highly 
irregular due to subsidence of large parts and measured within 
the range from 0.7 m to 2.0 m. These results indicate that the 
function of the northern submerged breakwater has not worked 
well due to the low parts of the submerged breakwater. 
Therefore, we performed a numerical simulation, using 
numerical wave basin in Figure 6, to find out the influences of 
the height of the submerged breakwater to the both wave 
induced currents and shoreline changes behind the submerged 
breakwater. Three crown depths of the submerged breakwater, 
2.0 m, 1.4 m, and 0.7 m, are used for the numerical analysis. 
Figure 7 shows the mean flow distributions between the 
northern and centered headlands (between C and E in Figure 
1). In Figure 7, (a) is the case of mean flow distribution without 
the submerged breakwater. (b), (c) and (d) are the cases of mean 
flow distributions with the submerged breakwater. From the 
numerical analysis, distinctive appearances of wave induced 
currents around the northern headland appear in Figure 7. From 
Figure 7, although the submerged breakwater was installed, the 
intensities of wave induced currents are similar with those in 
Figure 7. It means that, for the crown depths of 2.0 m and 1.4 m, 
the crown depths of the submerged breakwater are too low to 
effectively reduce the incoming wave energy. On the contrary, 
for the smaller crown depth of 0.7 m in Figure 7, as the height of 
the submerged breakwater is sufficiently high for its proper 
functioning, the intensities of wave induced currents are 
weakened by the reduction of wave energy. 

 
CONCLUSIONS 

To find out the causes of beach erosion in Bongpyeong Beach, 
the analysis of aerial photographs (the year of 1980, 1990, 2005, 
2010 and 2013) was conducted. The shoreline and beach profile 
were also surveyed on September 2013 and March 2014 and 
analyzed. The analysis results showed that the causes of beach  

erosion are highly related to the expansion construction of  
Jukbyeon harbor. In addition, the headlands and submerged 
breakwaters installed to prevent beach erosion rather accelerated  
beach erosion. 

Numerical analysis was performed using LES-WASS-3D 
model. The numerical analysis showed similar results of the 
field survey results, and the numerical results with the low 
height of the submerged breakwater showed strong wave 
induced currents inshore sides of both headlands, that can 
seriously affect beach erosion.  

From the field observation and the numerical analysis, it is 
revealed that application of the headlands and the submerged 
breakwaters is not best way for prevention of the beach erosion. 
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ABSTRACT 
 
Yoo, J.; Shin, S.; Do, K.D.; Shim, J.S.; Ha, T., and Jun, K.C., 2014. Laboratory investigations on effects of water 
level change on surf-zone processes. In: Lee, J.L.; Leatherman, Stephen P., and Lee, J. (eds.), Proceedings 3rd 
International Rip Current Symposium (Busan, Republic of Korea), Journal of Coastal Research, Special Issue, No. 72, 
pp. 151-156. Coconut Creek (Florida), ISSN 0749-0208. 
 
Tidal level and current often influence the rip current and the morphological changes in the macro-tidal beaches. 
Effects of water level change on surf zone processes were investigated through laboratory experiments conducted in 
a two dimensional wave flume. A movable beach was installed using a find sand in the flume starting with 1/50 slope 
from the offshore and ending with 1/20 slope near the shore. Irregular waves were generated by a piston type wave 
maker with active absorption. In the meantime, water level was changed gradually by using a pump and drain system 
to consider waves and tide simultaneously. Herein, three different tidal phases (i.e. flood tide, full tide and ebb tide) 
were conditioned with a gradual depth change of about 10 ~ 15 cm in the offshore during a period of about 30 
minutes per phase except the full tide, while only one wave condition was kept targeting a significant wave height of 
12 cm and significant wave period of 1.7 s. Measurements of wave attenuations in the wave breaking zone influenced 
by the tidal change were made using in-situ sensors and an image-based analysis method. The rates of wave 
attenuation (i.e. the ratio of wave height to water depth) measured during the both of flood and ebb tides were found 
to be larger, ranging from about 0.8 to 1.4, compared to those recorded during the full tide with little depth change. In 
addition, the attenuation coefficient of the flood tide tends to be larger than that of the ebb tide. 
 
ADDITIONAL INDEX WORDS: Wave attenuation, tide effect, image analysis, rip current, beach process. 
 

 
INTRODUCTION 

There are various forcing sources to induce morphological 
changes in the nearshore region, such as waves, winds, tide, and 
currents. Among those sources, wave breaking processes have 
been considered as one of the most significant factors impacting 
sediment transports in the nearshore. Wave breaking causes 
energetic collapse of water column. Thereby, the wave breaking 
processes not only generate violent turbulence and considerable 
near-bed velocities, but also induce the longshore and cross-
shore currents (including rip currents) in the surf zone. For this 
reason, many of earlier field and laboratory studies have been 
conducted with an emphasis on the surf-zone processes in wave 
dominant micro-tidal beaches. 

In macro-tidal beaches, in particular, tidal level and currents 
can affect the rip current occurrence and magnitude. Leatherman 
and Fletmeyer (2011) included spring tides to the three key 
environmental conditions for increasing the risk levels of rip 
currents. 

 Wave breaking and attenuation processes are strongly 
influenced by water depth across the surf zone, so as for wave  

 
height to be depth limited (Bowen, Inman, and Simmons, 1968; 
Dally, Dean, and Daltymple, 1985; King et al., 1990; Srinivas 
and Dean, 1996). So, the wave breaking processes can be 
characterized by the rate of wave attenuation (γ), which is 
expressed as the ratio of wave height (H) to water depth ratio (h): 
 

γ =
 

ℎ
 (1) 

Many field observations have reported that the wave 
attenuation coefficient (γ) is not only strongly influenced by 
depth but also dependent on beach slope and wave steepness. 
Other field measurements have shown that the coefficient in the 
inner surf zone becomes insensitive to the wave steepness 
(Raubenheimer, Guza, and Elgar, 1996; Thornton and Guza, 
1983). For instance, a field investigation by Thornton and Guza 
(1983) revealed that most of waves dissipate across the inner 
surf zone, having the relation between the root-mean-squared 
wave height (Hrms) and the depth as follows: 

 
    

ℎ
= 0.42 (2) 
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Seyama and Kimura (1988) conducted flume experiments to 
consider wave breaking conditions with both of unidirectional 
irregular and regular waves. They showed that the attenuation 
coefficients computed by individual zero-down crossing of 
irregular waves tend to be reduced to about 30%, compared to 
the case of regular waves. This suggests that regular wave-based 
the coefficient estimates from the flume tests will be larger than 
those measured in irregular wave conditions like actual wave 
fields Traditionally, the value of the coefficient, which is 
determined from the solitary wave theory (McCowan, 1981), has 
represented a wave breaking index: 
 

 
 

ℎ
= 0.78 (3) 

 
 Since periodic waves have the still water level (SWL) lying 

about halfway between the wave crest and trough, Kamphuis 
(1991) applied a periodic wave concept to the solitary wave 
theory-derived wave breaking coefficient. Thus, the solitary 
wave-based breaking coefficient is rewritten as: 

 

 

ℎ
= 0.56 (4) 

 

There are also found several previous investigations on effects 
of other forcing sources on the surf-zone processes such as tide 
and currents (Masselink and Hegge, 1995; Wright et al., 1982). 
Wright et al. (1982) evaluated the coefficient estimates of wave 
attenuations in a macro-tidal condition with a tidal range of 2.0 
~ 9.5 m in fields. Their results suggested that (γ) had the value 
of about 0.75 overall, which is a little larger but seems to be not 
much different from the estimates measured in wave-dominant 
micro-tidal conditions. 

Based on the previous studies as mentioned above, the tides in 
the macro-tidal beaches affect the rip currents as well as the 
beach morphological changes. 

 
EXPERIMENTAL SETUP 

 
Instruments and Measurements 

Laboratory experiments were conducted at a two-dimensional 
glass-walled wave flume, of which size is 45 m long, 0.6 m high 
and 1.5 m wide. A movable beach was installed using fine sand 
(D10 = 0.012 mm) in the flume, starting with 1/50 slope from 
the offshore and ending with 1/20 slope to the shore. 

Four capacitance wave gages (CWG) and five ultrasonic wave 
gages (USWG) were installed to collect water surface elevations 
at different cross-shore locations from the offshore to in and 
near the surf zone region. An electromagnetic current meter 
(ECM) was mounted on the flat bottom section in the offshore to 
collect horizontal water particle velocity. Two video cameras 
were deployed to monitor water surface motions in the inter-
tidal zone from a glass-walled side of the wave flume as shown 
in Figure 1. 
 

 
Figure 1. A photo showing the glass-walled wave flume and the in-situ 
wave gages mounted on the top of the channel frame, which were used 
in this study.

 
 
Table 1. Wave conditions in the offshore considered in the 

laboratory experiments. P1 = rise phase (flood tide), P2 = stationary 

full-tide phase (less tide), P3 = fall phase (ebb tide), Hs = significant 

wave height, Ts = significant wave period, Dh = water depth change 

with (+) for increase and (-) for decrease, TP = time period of each 

test. 

Test case Hs (cm) Ts (s) Dh (cm) TP (min) 

P1 12 1.7 +15.7 34.2 

P2 12 1.7 1.3 26.5 

P3 12 1.7 -10.0 33.6 

 
Piston type wave generator was used to generate irregular 

waves with active absorption. Irregular waves were generated 
using the Bretschneider-Mitsuyasu spectrum with a significant 
wave height of 12 cm and significant wave period of 1.7 seconds. 
In the meantime, water level was changed gradually by using a 
pump and drain system to consider waves and tide 
simultaneously. In this study, three different tidal phases (i.e. 
flood tide, full tide and ebb tide) were conditioned with a 
gradual depth change of about 10 ~ 15 cm during the period of 
about 30 minutes per phase except the full tide. Table 1 
summarizes hydrodynamic conditions in the offshore considered 
in the laboratory experiments. 

Data from the in-situ wave gages were collected at 50 Hz by 
the data acquisition computer. Video image sequences were 
recorded with two high-resolution digital cameras. The video 
cameras were focused on capturing the water surface 
movements in the shallow surf zone, which in-situ wave sensors 
are not well suited to accurately measure. Herein, an image 
analysis method was employed to extract quantitative 
information of the water surface elevations in time-series from 
the recorded image data. The video-derived measurements were 
verified through comparison with in-situ measurements near the 
surf zone. 
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DATA ANALYSIS 
 

Procedure of Image Analysis Method 
The image analysis method consists of five image processing 

steps in procedure as shown in Figure 2: (1) acquisition of video 
image sequences, (2) correction of camera lens distortion, (3) 
transformation of image pixel coordinates to real world 
coordinates, (4) generation of image timestack of 1-D pixel 
intensity array of interest in time, (5) extraction of water surface 
elevations in time-series from the image timestack. 

Image Data Acquisition  
Two commercial IP cameras were installed to side-look at the 

flume at the mean water level (MWL). The IP cameras were 
connected to a camera-control computer for direct image data 
collection. Optical image frames were continuously sampled at 
15 Hz and stored at every 30 minute interval. Image size was 
selected to have 720 × 1280 pixels per frame (in height × width: 
hereafter, referred to as H × W). 
 

 

Figure 2. Flowchart of extracting water surface oscillations in time from 
video image frames. 

 

Correction of Camera Lens Distortion 
In general, the recorded image frame includes two types of 

error sources: one is intrinsic distortion by camera lens, and the 
other is geometric distortion by measurement setup. Thus, image 
frame sequences need to be calibrated for those distortions prior 
to physical analysis of the image data.  
Correction of camera lens distortion was conducted by mounting 
two rectilinear grid sheets on top of the glassed-side wall 
perpendicular to the camera sensor. The camera lens distortion 
was evaluated as a form of radial distortion (Dr), which is 
expressed as: 
 

∆r =    
 +     (5) 

 
where r is the radius in pixel along radial line from the center of 
the image frame. The distortion coefficients, k1 and k2, are 
determined by fitting the polynomial model in Equation 5 to the 
measured radial distortion of grids using a least squares method.  

 
Figure 3. Example of a distorted (a) and corrected, (b) target image with 
grid points (open circles) used for calculation of camera-lens distortion. 

 
 

  
Figure 4. Layout of a corrected image showing locations of installed 
sensors and video-based measurements. 

 
 

The estimated coefficients, k1 and k2, are - 2.24´10-8 and 
0.0117, respectively. Then, the distortion-free image is 
resampled by compensating the radial error distance in pixel 
from the center of the image frame.  
 
Image Rectification 

After correction of the camera lens distortion in the image 
frame, pixel coordinates (i, j) of the distortion-free image lie on 
a straight line to real world coordinates (x, y). Holland, Holman, 
and Lippmann (1997) proposed a direct linear transformation 
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method (DLT) to relate image frame to world coordinates, 
which are expressed as: 

i =
   +    +   
   +     + 1

			 =
   +    +   
   +     + 1

 (6) 

 

where L1, L2, L4, L5, L6, L8, L9, L10 are the DLT coefficients. 
The DLT coefficients are determined by using Equation (6) and 
the surveyed reference points from the undistorted grid image 
and the real grid plate, as indicated with open blue circles in 
Figure 3. Thereby using the DLT coefficients and rearranging 
Equation (6) in the reverse form, pixel coordinates (i, j) is 
converted into real world coordinates (x, y). Image frame was 
transformed and resampled for the calibrated image frame to 
have a physical resolution of about 0.1 cm per pixel. Figures 3 
and 4 present the rectified version of the image in real world 
coordinates. 
 
Generation of Image Timestack 

In order to extract water surface elevations in time-series from 
the rectified image sequence, a vertical transect needs to be 
defined across the SWL as selected along the transect denoted in 
Figure 4.  
An one-dimensional pixel intensity array can be collected 

along the transect per image frame and stacked in time per a 
burst of image frame sequence, thereby, yielding an image 
timestack. Consequently, the image timestack can be expressed 
in a two-dimensional physical domain of coordinates (t, y), 
where t is time and y is vertical height as shown in Figure 5. 
Here, 84870 image frames recorded in total were rectified and 

used to generate an image timestack collected along the vertical 
transect of 15 cm high. This timestack includes all three test 
cases given in Table 1. Hence, dimension of the image timestack 
is 150 × 84870 pixels (H × W) or 15 cm × 94.3 min (in the 
corresponding physical scale). 
 

 
Figure 5. (a) Example of an image timestack generated from rectified 
image frames in time-series, (b) results of water-surface extraction from 
the image timestack. 

 

 
Extraction of Water Surface Elevations 

Signature of the water surface oscillations in time appears 
discernable due to the contrast between brightness and darkness 
across the water surface, as seen in Figure 5. The border line 
between brightness and darkness is characterized by abrupt 
change of pixel intensity across the boundary.   

In order to extract the boundary line between water and air, 
meaning vertical oscillations of the water surface in time, Canny 
edge detection method (Canny, 1986) was applied to the image 
timestack by running a 21 × 21 Gaussian filter (Height × Width 
in pixel). The line identification by the edge detection method 
was carried out with two thresholds of the lower limit 0.04 and 
the upper limit 0.1, typically required to determine strong 
intensity gradients across pixels as the boundary edge by the 
Gaussian filter. The extracted results are presented in Figures 5 
and 6. Figure 5 also presents comparison of the measurements 
by an ultrasonic sensor in part, showing a good agreement 
between the two results.  
 

  
Figure 6. Water surface elevations in time-series extracted at  location in 
the surf zone from the video data recorded during each of three tidal 
phases. 

 
 

 
Figure 7. Results of the time-varying mean water level and the 
significant wave height at the location of interest in the surf zone 
obtained from video image data.
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Calculation of Water Depth and Wave Data 
In cases of rise and fall tides, the water level was gradually 

changed over each tidal period. The time-varying MWL was 
computed by applying a moving-average window to the 
extracted signal record of the water surface oscillations in time-
series shown in Figure 6. Size of the moving-average window is 
three-minutes long. The computed results of the time-varying 
mean water level is also presented with red line in Figure 6.  

The water level was continuously changed throughout the 
experiments. In this condition, the investigation area of interest 
is mostly located in the surf zone. Since the corresponding wave 
fields are considered to be non-stationary, therefore, waves are 
calculated with a basis on time domain analysis rather than 
frequency domain analysis. Wave statistics were obtained from 
each data burst which was separated at every three minute from 
the extracted signal record in time-series.  
 

RESULTS AND DISCUSSION 
The time-varying MWL and Hs at the location of interest in 

the surf zone were computed from the water surface elevations 
in time-series extracted from video image sequence, as 
presented in Figure 7. The time-varying MWL (red) at the 
location of interest is compared with the time-varying MWL 
(blue) measured at the offshore using an USWG. In cases of rise 
and fall phases (i.e. P1 and P3), the MWL at the location of 
interest is larger than the MWL at the offshore, possibly due to 
wave set-up in the surf zone intensified by the tidal effects. In 
contrast, the difference between the two MWLs is smaller in 
case of stationary tidal phase (P2), since the tidal effects are 
negligible. 

The Hs measured in the inter-tidal region of P1 and P3 is 
limited by depth in similar manner to the findings observed in 
wave dominant environments, increasing with the increase of 
depth in P1 and decreasing with the decrease of depth in P3. 
When the wave attenuation coefficient (i.e. ratio of Hs to h) is 
computed, however, the ratio appears to much larger than the 
ratio estimates obtained in stationary tidal phase, as shown in 
Figure 8. The Hs/h ratios for P1 and P3 are larger than the 
results for less tide of which values have a range of 0.8 ~ 0.9, 
comparable to the previous laboratory investigations for micro-
tidal conditions. Interestingly, in addition, the Hs/h ratios for the 
rise phase tend to be even larger than those for the fall phase. 
 

 

 
Figure 8. Results of the wave attenuation rate for three different tidal 

phases computed from time-varying MWL and Hs presented in Figure 

7.

 

Previously, Masselink and Hegge (1995) investigated the 
effects of cross-shore currents on wave height variations in 
macro-tidal beaches having depth changes from 1.6 to 4.5 m. 
Their measurements revealed that the wave heights in the surf 
zone tend to be larger in tidal rise and fall phases than in 
stationary tidal phases, due to probable influence of infra-
gravity wave oscillations. This means that the wave attenuation 
coefficient in the both of tidal rise/fall phases are larger than in 
the stationary case. 

The previous observation is consistent with the experimented 
results in this work. As mentioned in the previous study above, 
the secondary hydrodynamic behaviors induced by the tide may 
cause the tendency of increase of the Hs/h ratio for both flood 
and ebb tides, even though the two phases are 180 ° different. In 
order to confirm this reasoning, there are needed more intensive 
measurements of wave heights and velocities in the intertidal 
zone, which are being investigated by the authors. 
 

CONCLUSIONS 
So far the previous studies mostly focused on the waves as a 

forcing source impacting the surf-zone processes including 
nearshore current mechanisms (including rip current generation) 
and sediment transport. So, this work was motivated to 
investigate and quantify tidal effects on beach processes through 
laboratory experiments, in terms of wave attenuations across the 
surf zone.  

Laboratory experiments were conducted in a two dimensional 
wave flume with a movable beach starting with 1/50 slope 
followed by 1/20 slope to the shore. Three different tidal phases 
(i.e. flood tide, full tide and ebb tide) were considered with 
irregular waves. In order to simultaneously measure the 
significant wave height (Hs) and the mean water level (h) 
varying in time, which leads to calculation of the wave 

attenuation coefficient (g=Hs/h), an image analysis method was 
employed. 

The results in the present study show that the wave 

attenuation coefficient (g) in tidal rise/fall phases are larger than 
in the stationary case. These results are possibly caused by 
secondary hydrodynamic behaviors induced by the tide such as 
infra-gravity wave oscillations, as suggested by the previous 
field observations. Further intensive measurements of wave 
heights and velocities in the intertidal zone are needed for better 
understanding of the tidal influence on the surf-zone processes 
in future work. 
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ABSTRACT 
 
Kweon, H.M.; Choi, Y.H.; Kang, J.W.; Lee, W.D.; Hong, S., and Park, S.K., 2014. Reduction of the expected wave 
overtopping probability and its rate upon seawall utilizing STB(Steel Type Breakwater). In: Lee, J.L.; Leatherman, 
Stephen P., and Lee, J. (eds.), Proceedings, 3rd International Rip Current Symposium (Busan, Republic of Korea). 
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Wave overtopping damages at seawalls, which separate lands from coastlines, are increasing as residences and 
commercial facilities are recently becoming concentrated near coastlines. The wave overtopping volume or 
probability can be decreased by increasing the crest elevation or width of the existing structure. Crest elevation or 
width increase of structures like seawalls, however, violates the citizens’ view rights, and public water reclamation 
leads to an increase in the construction cost. The STB (Steel Type Breakwater) is a submerged-type non-reclamation 
structure, can be quickly constructed at a very low cost, and incurs almost no additional responding costs for the sea 
level rise. The feasibility of the new economical areal protection combination construction method that can reduce 
the EWOP (Expected Wave Overtopping Probability) without violating the citizens’ view rights was validated in this 
study. 
 
ADDITIONAL INDEX WORDS: Wave overtopping reduction, crest elevation increase, reclamation, steel type 
breakwater, expected wave overtopping probability. 
 

 
 INTRODUCTION 

Large cities have been developing near coastlines all over the 
world, including South Korea. Seawalls have been constructed 
to distinguish the coastline from the land, and the desired wave 
overtopping rate of the seawall can vary according to the 
importance of the background facilities. In line with the recent 
concentration of many commercial facilities and residences near 
the coastlines in South Korea, the wave overtopping damages 
are rapidly increasing. Such damages can be prevented by 
elevating or widening the seawall structures, but the former 
violates the citizens’ view rights and the latter leads to higher 
construction costs. Therefore, a construction method is needed 
to alleviate the civil complaints and to reduce the costs while 
keeping the scenery as it is. Figure 1 shows a proposal for the 
reduction of the wave overtopping of the existing seawalls 
around the Haeundae area in Busan by increasing their heights 
and horizontal widths. In this design, the crest elevation was 
increased to 6.30 m above the datum level (DL) by installing 
parapets, and the horizontal width was expanded to 25 m in the 
form of a slope.  

 
The Steel Type Breakwater (hereafter STB) consists of 

superstructure (absorbing plate and stiffeners) and substructure 
(frames) as  appeared in Kwon, Oh, and Kweon (2011). When 
the reverse wave occurs toward weather side, it collides with an 
incident wave. That causes wave reflection with the highest 
surface elevation occurring on a lee part of the dual plate as 
shown in Figure 2. 

Many STB study results were recently reported (Kweon and 
Choi, 2014; Kweon et al., 2011; Kweon and Kim, 2009; Kweon, 
Kim, and Kee, 2008; Kweon, Kim, and Lee, 2011; Kweon et al., 
2012; Kweon, Oh, and Choi, 2013; Kwon, Oh, and Kweon, 
2011; Lee, Kweon, and Lee, 2011), and the use of the STB is 
increasing because it is easy to design, convenient to construct 
with low cost. An STB can be installed in a submerged form at a 
public water reclamation area, as shown in Figure 1. 

In this study, the Expected Wave Overtopping Probability 
(hereafter EWOP) of the existing seawalls is estimated, a 
sequence and method for determining the target EWOP value is 
proposed, and a combination construction method facilitated by 
a submerged reflection structure that can satisfy such target 
value without public water reclamation is presented. 
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Figure 1. Illustration of the public water reclamation and crest elevation 
increase of an existing seawall. 

 
 

 

 
Figure 2. A captured view of physical experiments for two perforated 
horizontal plates. 

 
 

 
TARGET EWOP DETERMINATION AND WAVE 

CONDITION ESTIMATION 
Discussed herein are the target EWOP and the estimation 

procedure and results of wave condition, subjecting the seawall 
fronts at Haeundae Marin City in Busan. Among the EWOP 
studies previously conducted Kweon, Kim and Kee (2008); 
Kweon, Lee, and Cho (2005); Kweon et al. (2006), etc. 
calculated the EWOP considering the tide frequency 
distributions. The calculation of EWOP was based on the 
uncertainty factors of design wave coupling with joint 
distribution and Rayleigh one. Moreover, the tidal occurrence 
distribution with 2 peaks was considered for EWOP calculation. 
Wave by wave system was applied for the calculation of EWOP 
because the wave runup phenomena is relatively independent 
with neighboring waves. 

Kweon et al. (2006) developed an EWOP calculation method 
based on a series of studies related to reliability analysis, and 
obtained the DL values for the determination of the crest 
elevations according to the EWOPs of South Korea’s east, south, 
and west coasts, which have significantly different tide 
occurrence characteristics. Kweon, Kim and Kee (2008) 
calculated crest elevation with constant less than 1% EWOP all 
over the South Korean waters as considering the uncertainty 
factor of high tide occurrence frequency, and suggested that the 
proper crest elevation was approximately DL (+) 9.0 m for the 
two-layer tetrapod (TTP) slopes when the principal wave 
direction in the Busan area is NE. As shown in Figure 1, the 
elevation of the parapet was DL (+) 6.3 m, which was 
approximately 2.7 m lower than the proper crest elevation.  

Input Condition for the EWOP Calculation  
The EWOP changes in the Busan area were calculated 

according to the crest elevations, using the method that was used 
in the study of Kweon, Kim and Kee (2008). The major input 
data for this calculation method include the distributions and 
parameters of the design wave heights and the tide occurrence 
frequencies. The wave deformations are separately calculated. In 
this study, the magnitudes of the target waves that reached the 
subject area were compared to choose the design wave, and the 
largest waves appeared in the southern direction. Table 1 shows 
the waves in the subject area. The target wave affected by the 
change in the vertical and horizontal topographies of the design 
wave was calculated using the multi-directional wave breaking 
model in the study of Kweon (1998). 

 
Table 1. Target wave conditions in the subject area. 
 

Wave 
Direction 

Wave Height 
(H1/3, m) 

Wave Period 
(T, sec) 

Water Depth 
(d, m) 

S 4.71 13.93 9.42 

 
As shown in Table 1, Jeong, Kim, and Cho (2004) reported 

that the wave direction S was different from the 50-year 
frequency principal direction of Busan (NE) because of the 
target wave deformation effect. The target wave height in the 
subject area is presented as the converted corresponding deep 

sea wave height '
0H  in the following equation : 

 

' 1/ 3
0

H
H

Ks
=                              (1) 

 
where the shoaling coefficient Ks = 1.12. As shown in Equation 

(1), '
0H  is the same as the deep-sea wave height 0H  (4.22 m) if 

the refraction, diffraction, and friction are ignored. The wave 

steepness '
0 0/H L  is 0.014. 

Jeong, Kim, and Cho (2004) provided deep-sea wave design 
data for the South Korean coasts where the Haeundae area is 
designated as St. 48. Jeong, Kim, and Cho (2004) regarded the 
Gumbel distribution as the most appropriate extreme value 
distribution of the deep-sea estimation data, regardless of the 
parameter estimation method used. The distribution function 
(non-exceedance probability)  F(x) of the S direction at St. 48 is 
expressed as follows: 

         ( ) exp exp :
x B

F x x
A

é ù-æ ö
= - - -¥ < < ¥ê úç ÷

è øë û
 (2) 

 
where x is the annual peak significant wave height, A the scale 
parameter 2.854, and B the location parameter 0.486. 
For the expression of the tide frequency distribution, the 

double-peak probability density function proposed by Kweon 
and Kim (2009), which is the sum of two normal distribution 
functions, was used in the form showed in Equation (3). 
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where 1

2
D

D

a
a

s p
=  and 2

2
U

U

a
a

s p
=  are the model 

parameters representing the effects of the low- and high-water-

level distribution functions; Dm , Um , Ds , and Us  are the 

averages and standard deviations of the low- and high-water-
level distribution functions, respectively, provided that the 

model parameters satisfy 1 2 1a a+ = ; and h  is the  series of the 

tide values obtained by subtracting the average 0h  from the tide 

data 0h . 

Table 2 shows the estimated parameters of the tide occurrence 
probability density function for the Busan area according to the 
parameter estimation of the tide occurrence probability density 
function (PDF) for the south-coast area in the study of Kweon 
and Kim (2009). For the coast in the Busan area, the daily peak 
tide observation data for the three-month summer season were 
used. Kweon et al. calculated the difference between the mean 
sea level (MSL) of the South Korean waters and the average 
seasonal daily maximum tide level (ASDMTL) for July, August, 
and September. The value that was obtained was 0.591 m for 
Busan. Accordingly, the reference sea level of ASDMTL 
becomes the sum of the MSL of (+) 0.649 m and the difference 
of 0.591 m, which is DL (+) 1.24 m. This appeared lower than 
the HWL of  DL (+) 1.44 m  in Figure 1. 

 
Table 2. Estimated parameters of the tide occurrence probability 
density function with ASDMTL as the average (Kweon and Kim, 
2009). 
  

Parameter Da  Ua  Dm  Um  

Value 0.01936 0.01419 11.45131 14.14473 

Parameter Ds  Us  2R   

Value 12.57519 11.06259 0.97024  

 
Figure 3 shows the results obtained by applying the 

parameters in Table 2 to Equation (3), which calculates the tide 
frequency distribution. As aforementioned, EWOP calculation 
requires the estimated parameter values as the input data 
representing the annual peak wave distribution function and the 
tide occurrence probability density distribution. Based on such 
input data, the wave run-up is calculated, and the number of its 
occurrence greater or less than the crest elevation is counted to 
obtain the probability. 

The wave run-up has a 1:1.5 slope, and the regular wave test 
results are used for the randomly placed two-layer TTP slope. 
Jackson (Per Brunn, 1985) proposed the equation Equation (4) 
from the test results: 

 

( )/ 1 expU U UR H A B xé ù= - ×ë û                     (4) 

 
where Rk  is the wave run-up; H  is the individual wave height 

corresponding to '
0H ; Ak  and Bk  are the test constants; and x  

is the surf similarity parameter, which is calculated as: 

0

tan

/H L

q
x

æ ö
ç ÷=
ç ÷
è ø

                             (5) 

      
where tanq  is the slope of the forward slop. 

  In Equation (4), UA  and UB  are determined by analyzing 

the test results. Table 3 shows the test constants for the wave 
run-up. 

 

 
 

 
Figure 3. Tide elevation distribution of the Busan coastal area.

 
 
Table 3. Test constants of the wave run-up. 
 

Coating Cover Type UA  UB  

TTP (Jackson) 0.9341 -0.7502 

 
The main input data include three types: the parameters for 

Equation (2) (the Gumbel distribution for the annual peak wave 
height extreme distribution), the parameters for Equation (3) 
(the double-peak tide frequency distribution), and the constants 
of the wave run-up equation. In addition, there are the waveform 
slope, etc., whose detailed calculation can be seen in the study 
conducted by Kweon, Lee, and Cho (2005). 

Calculation of EWOP of a Two-Layer TTP Slope 
The EWOP was calculated using the program of Kweon and 

Kim (2009) with the input data, as described in section of input 
condition for the EWOP calculation. The calculation covered the 
two-layer TTP slopes with DLs 4.30, 6.30, and 9.00 m. A 
comparative analysis was conducted with the existing 2% 
EWOP and the constant less than 1% EWOP proposed by 
Kweon and Kim (2009). 

Figure 4 shows a seawall section that is currently under 
construction in the Haeundae area in Busan. The parapet 
position, DL (+) 6.30 m, is the result of the elevation increase 
made upon the citizens’ request. 
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Before the calculation of the EWOP, it was analyzed 
according to the existing deterministic method. Figure 5 shows 
the EWOP depending on the crest elevation of the two-layer 
TTP slope. It was obtained by neglecting the wave variability 
and fixing the incident wave height at 4.22 m according to the 
calculation method in the study conducted by Kweon and Kim 
(2009). This method, however, can be considered a quasi-
deterministic method because it considers the tide frequency 
distribution presented in Figure 3.  

 

 

 
Figure 4. A seawall section without land reclamation.

 
 

Figure 5 illustrates the crest elevation ch  of about 1.0 '
0H , 

which is equal to the incident wave height, as the reference 
while increasing and decreasing the control parameter a . In 

Figure 4, DL (+) 6.3 m corresponds to a  = 6.3 - (0.591 + 0.649 
+ 1.0 x 4.22) = 0.84 m, and DL (+) 4.3 m as well as DL (+) 8.5 
m correspond to the a  values of -1.16 and 3.04 m, respectively. 
In the target wave condition presented in Table 1, the waveform 

slope '
0 0/H L  appears at 0.014. 

To validate the results of the deterministic calculation, 
Equation (3) was applied with the conditions presented in Table 
1, and the wave run-up of 0.92 was obtained. It was converted to 
an  value of approximately 0.3 (calculated as 4.22 - 0.93 x 4.22 
from the incident wave height) with a negative sign. This means 
that the wave run-up was less than the incident wave height. The 
calculation results when the variability of the extreme wave 
height was fixed at 4.22 m (Figure 5) depended on the Rayleigh 
distribution, and the probability of having a wave greater than 
the significant wave height was 13%. The result shown in Figure 
4 is 20.77%, which is greater than the aforementioned value. 
This is because the probability density was higher in the section 
that had a tide frequency distribution in Figure 2. The 
calculation can be validated by the study conducted by Kweon et 
al. (2006). As in the calculation results, the quasi-deterministic 
method showed the high overtopping probability, up to 43%, for 
the crest elevation of DL (+) 4.3 m, and up to 5% for DL (+) 6.3 
m. At the crest elevation of DL (+) 8.5 m, however, which was 
lower than DL (+) 9.0 m, the overtopping probability almost 
reached zero. 

Generally, there is a greater concern about a wave run-up 
higher than 2% in the overtopping probability according to the 
deterministic method. This refers to the seawall height that 2% 
of the waves can overtop. In Figure 4, the height of the 2% 
overtopping probability is DL (+) 6.93 m. If Equation (6.4) of 

EurOtop (2007) in Europe is used for DL (+) 7.00 m, the 

overtopping probability will be 0.60% when applied with 0mH  

= 4.22 m, cA  = DL (+) 7.00 m - 1.24 m = 5.76 m, nD  = 

(6.3)^(1/3) = 1.85 m, a 16-ton TTP, etc. This is approximately 
1.4% smaller than the 2% calculation result obtained in this 
study. This might be considered because the tide occurrence 
probability was slightly higher in the section with a tide 
elevation greater than the reference tide elevation, as shown in 
Figure 3. 

 

 

 
Figure 5. EWOP obtained through the deterministic method 
considering the tide frequency distribution.

 
 

Figure 6 shows the EWOP according to the crest elevation 
determined using reliability analysis, considering the wave 
height variability, tide frequency distribution, etc. 

Figure 6, in which the wave height variability was considered, 
shows that the probability decreased from approximately 44% to 
23% for DL (+) 4.3 m, and from 4.89% to 1.55% for DL (+) 6.3 
m. For the crest elevation of DL (+) 8.5 m, the probability 
almost reached 0%, although there were some differences. 
Nevertheless, the crest elevation corresponding to the 2% 
overtopping probability, which was obtained using the existing 
deterministic method, almost coincided with the crest elevation 
of about 7.00 m corresponding to the 0.54% overtopping 

probability in the waveform condition '
0 0/H L  = 0.02, which 

was the average EWOP of all the South Korean waters obtained 
in the study conducted by Kweon and Kim (2009). However, 
because a smaller wave steepness slightly increases the average 
expected overtopping probability of the entire Korean waters, 
according to Figure 6 of the study of Kweon and Kim (2009), 

D.L. (+) 7.00 m for '
0 0/H L  = 0.014 was a slightly excessive 

height. In addition, such is very similar to the 0.60% EWOP for 
a DL of about (+) 7.0 m, which was the result of the EurOtop 
(2007) test performed based on the aforementioned deterministic 
method. 
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Determination of the Target EWOP 
   To uphold the citizens’ view rights, the wave runup reduction 
was examined instead of the seawall height increase. The EWOP 
changes were observed when the incident wave was reduced by 
10, 20, 30, 40, and 50%. Figure 7 shows the EWOP when the 
wave height was reduced by 10, 20, 30, 40, and 50%, 
respectively, according to the calculation method of Kweon and 
Kim (2009). The incident wave frequency was assumed to be 
the same as the deep-sea condition. 
 

 

 
(a) Reliability analysis result considering the tide frequency 

distribution. 

 
(b) a = 0 ~ 4 of (a) 

Figure 6. EWOP of the two-layer TTP slope.

 
 

Figure 7 shows that for DL (+) 4.3 m, the EWOP did not 
decrease to less than 1% even when the wave height was 
reduced by 50%. Figure 5 shows that for DL (+) 8.5 m, the 
EWOP was close to 0%, which was an excessive reduction, and 
the effect of the crest elevation increase was insignificant when 
higher than a  = 2.0. Figure 5 shows that for DL (+) 6.3 m, 

when the incident wave was reduced to d  = 0.8-time, the 
EWOP decreased to less than 0.5%. 

European countries, including the Netherlands, use 2% 
exceedance R2% (the values within the highest 2% of the wave 
run-ups listed according to their magnitude) as the representative 
value for the irregular wave run-up height in the deterministic 
method, and regulate the crest elevations of their respective 

seawalls based on the wave run-up height R2%. The 
comparative analysis with the results of the quasi-deterministic 
method and the reliability analysis presented in the section of 
calculation of EWOP of a two-layer TTP slope showed that the 
EWOP reduction corresponding to the crest elevation DL (+) 7.0 
m satisfied both the existing deterministic method and the 
reliability analysis. As can be seen in Figure 4, DL (+) 6.3 m is 
equivalent to a height of 0.90-1.40 m on a road that gives adults 
a sea view. DL (+) 7.0 m, is however equivalent to a height of 
1.60-2.10 m on a road, which considerably violates the people’s 
view rights. In this study, the EWOP was reduced to less than  
2% in the deterministic method for the crest escalation DL (+) 
6.3 m, which upheld the people’s view rights, and to less than 
0.50% without increasing the height to DL (+) 7.0 m, which 
corresponded to the national average EWOP of 0.54%, 
according to the method in the study conducted by Kweon and 
Kim (2009), and without horizontal reclamation. To reduce the 
EWOP, the incident wave height that reaches the seawall fronts 
was attenuated by 20%. However, because this does not 
consider the reflected wave from the seawall, wave field 
analysis have to be needed for a real sea application of STB. The 
reason for that, wave height reduction of 20% would be the 
minimum reference value for diminishing the wave overtopping 
frequency. 
 

 

 
(a) a = -2.0 ~ 4.0 

 
(b) a = 0.0 ~ 4.0 

Figure 7. EWOP decrease due to the incident wave height reduction.
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NEW AREAL PROTECTION METHOD 
The new areal protection method proposed in this study 

reduces the incident wave height by installing an STB at the 
existing seawall fronts to secure the citizens’ view rights. This 
section introduces the basic dimensions and arrangement 
scheme of the STB that were used in the new method. The 
purpose of this method is for the reduction  of the wave runup 
height. 

STB Dimensions 
STB is a permeable breakwater, and the 20% reduction in the 

incident wave height estimated in the section of determination of 
the target EWOP can be realized by adjusting their width. 
Kweon et al. (2011) proposed a transmitted ratio based on the 
plate-width and wave-length ratios through a linear equation. In 
the calculation, the width can be calculated as 10 m or more, and 
each dimension can be determined according to the design wave. 

As the STB is a submerged breakwater and its transmitted 
ratio is estimated within a certain range of submerged depth, the 
optimal submerged depth should be determined according to the 
tide elevation changes. In this study, the optimal submerged 
depth was calculated according to the tide frequency distribution, 
using the method that was used in the study conducted by 

Kweon et al. (2011). As the transmitted ratios at 0.05-0.10 sd  

show to have similar values over all the frequency ranges, the 
submerged depth can be calculated using Equation (5) within the 
tide frequency distribution ( sd  represents the water depth from 

the MSL to the sea bottom). 
 

( ) ( )
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1

P A MAX
h

h
h =ò                           (6) 

 

Equation (6) satisfies ( )2 1 0.10 0.05 sdh h- = -  and calculates 2h , 

1h  to be the maximum area A(max) in the distribution, where sd  

is the water depth from MSL and is calculated as 

9.42 0.649 10.00 sd m m m= + @ . 

  Jeong, Cho, and Ko (2012) presented an error function by 
integrating the tide frequency distribution function. Equation (7) 
is the integral function of Equation (3), proposed by Jeong, Cho, 
and Ko (2012). 
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        (7) 

 

where ( )erf h  means the error function, and the range of h  is 

~-¥ ¥ . Equation (7) was calculated as 1a =0.483 and 2a

=0.517 when the parameters in Figure 8 were applied. 
The condition that satisfies Equation (6) by applying the interval 

2 1 0.5 mh h- =  to Equation (7) is when 2 0.25 ,mh =

1  0.25 ,mh = -  and the maximum value of ( ) ( )2 1E EP Ph h-  

appears to be 0.518. Figure 8 shows the accumulated function of 
Equation (7). The position at a 0.25 m distance from the MSL 
exceeds about 80% of the total in the tide frequency distribution.    

This means that the position with the maximum submerged 
depth DL (+) 0.899 m, where the penetration rate of the 
horizontal plate is the most effective, corresponds to the optimal 
penetration submerged depth for most tide levels in the tide 
frequency distribution. Generally, South Korea’s east coast 
shows the optimal submerged-depth probability increases when 
the deviation of the tide frequency distribution appears small. 
The areas with greater deviation of the tide frequency 
distribution, like Busan, present relatively lower optimal 
submerged-depth probabilities than the northeast-coast areas, 
like Sokcho, etc. 

Figure 9 shows an example of the determination of the 
optimal submerged depth of a horizontal plate, considering the 
characteristic tide frequency distribution in the Busan area and 
the plate placements at the seawall fronts. A further study is 
necessary, however, for the proper horizontal clearance between 
the seawall and the STB. For the detailed design sequence, the 
study conducted by Kweon et al. (2011) can be referred to plate 
considering the tide frequency distribution. 
 

 

 
(b) a = 0 ~ 4 of (a) 

Figure 8. Cumulative probability of tide elevation from MSL (Busan).

 
 

 

  
Figure 9. Optimal submerged depth of the upper horizontal plate 
considering the tide frequency distribution. 
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Arrangements of Seawalls and STBs 
The separation distance is important for installing submerged 

STBs at seawall fronts. It was excluded from this study, 
however, as it requires separate studies. Figure 10 shows an 
example of where STB is placed at the existing seawall front. 

As shown in Figure 10, the spatial placement of structures 
enabled the spatiotemporal dispersion of the wave reflection 
ratio and is likely to reduce the slipping off of seawall toes, the 
damages to the covering materials, the sand transformations at 
the frontal bottoms, etc., as incidental advantages. 
 

 

 
Figure 10. Sample section of the new areal protection method. 

 
 

WAVE OVERTOPPING RATE CALCULATION BASED 
ON DETACHED DISTANCE OF STB 

Summary of the Numerical Simulation Test 
A numerical simulation test was conducted in order to 

calculate the wave overtopping rate at an absorbing revetment 
based on the detached distance of steel type breakwaters. 
Furthermore, an investigation was made on the influence that the 
installation of the steel type breakwaters and their detached 
distance variation on the wave overtopping rates acting on the 
revetment. The numerical model used in this study was a full-
nonlinear two-dimensional numerical wave generation tank, 
LES-WASS-2D, of which validity and efficiency was fully 
verified (Hur and Choi, 2008). The numerical wave basin, which 
was used for calculating the wave overtopping rate on an 
absorbing revetment, was based on the detached distance of steel 
type breakwaters, as shown in Figure 11. In order to generate 
non-reflected waves, an additional dissipation zone and a wave 
source were set at the open seaside, as well as two steel type 
breakwaters with a width of 25 m at the center of the analysis 
zone and with a depth of 10m, and an absorbing revetment with 
a break water slope of 1:1.5, crest elevation of 5.5 m, and crest 
width of 6 m at the land side. The vertical installation positions 
of the upper and lower part materials of the breakwaters are 
established at 0.75 and 1.35 m from the water surface (the 
thickness of each breakwater is 0.1 m and the vertical gap 
between the breakwaters is 0.5 m). 

At first, the computational consuming model is tried for 
finding width of the plates satisfying the reduction of 20% of the 
incident wave height calculated from the Determination of the 
Target EWOP. Based on the detached breakwater distance, the 
wave overtopping rate were calculated subjecting regular waves 

with an incident wave height Hi of 4.2 m and a period Ti of 
13.93 sec, while the numerical test was performed with/without 
the steel type breakwaters and for three different detached 
distances. Y is the detached distance from the shoulder of the 
seawall corresponding to water depth of 10 m. The 
dimensionless detached distances Y/Li of STB were 0.5, 0.75, 
and 1.0 m, respectively. The Table 4 shows the calculation 
conditions. 
 

  
Figure 11. Outline of the numerical wave basin. 

 
 
Table 4. Calculation conditions for the numerical simulation. 
 

Case 

Breakwater 
Wave Height 

(Hi) 
Period 

(Ti) 
Detached 
Distance 
(Y/Li) 

Width (B/Li) 

1 x 

4.2 m 
13.93 
sec 

2 0.5 
0.19 3 0.75 

4 1.0 

 

 

 

Figure 12. Wave distribution based on the detached distance of steel 
type breakwaters. 

 

Hydraulic Characteristics 
Figure 12 shows the wave height distribution with/without the 

steel type breakwaters based on the detached breakwater 

distance, wherein the line ━ represents the case when without 

steel type breakwaters, and  ━, ━ and ━ are the cases with the 

dimensionless detached breakwater distances (Y/Li) of 0.5, 0.75, 
and 1.0 m, respectively. Figure 12 explains that the steel type 
breakwater installation significantly reduces the wave heights at 
the front surface of the absorbing revetment which is not the 
incident wave height but runup height in the partial standing 
wave condition, while the breakwaters have been known to 
cause the rapid reduction of the rear wave heights, wave 
breakers and energy. In addition, when the detached distance 
becomes shorter, the front wave height becomes smaller. Such 
wave height distribution has a significant influence on the rear 
wave rates, which will be discussed in the next chapter. 

As shown in Figure 12, the wave height decreases of three 
cases would be reached more than 20% at the rear part of the 
horizontal plates. The wave height reduction of 20% was the 
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minimum reference of EWOP less than 1% calculated in “2.3 
Determination of the Target EWOP”. However, overtopping 
volume of each case differs especially due to the reflected wave 
effects. 

Wave Overtopping Rate Calculation 
Table 5 and Figure 13 present the wave overtopping rates 

with/without steel type breakwaters based on their detached 
distances, where Q represents each wave overtopping rate, while 
Q0 represents the wave overtopping rate of the case without 
breakwaters. 

van der Meer (2002) suggested the following formulas for 
wave overtopping. And the formula from van der Meer (2002) 
was also referred in EurOtop (2007) for deterministic design 
(Equation 8) of crest elevation. 

 

3
00

0.2exp 2.3 c

m fm

Q R

HgH bg g

æ ö
= -ç ÷ç ÷

è ø
                  (8) 

 

where fg  equals 0.38, bg  of 1.0 was applied. Equation (8) 

was calculated as Q/(gHm0
3)1/2 = 7.2×10-5 when Rc=5.5 m, 

Hm0=4.2 m and fg = 0.38 for Tetrapod. 

  The value of 7.2×10-5 is smaller than that by the model as 
shown in CASE 1 of Table 5. That because the model simulated 
the slope composed of core and 2 layers TTP which would have 

bigger value than that of fg = 0.38. From the calculation result 

of the overtopping rate, the value of fg could be assumed as 

0.705.  
Table 5 and Figure 14 confirm that the wave overtopping rate 

significantly reduces at the revetment with the steel type 
breakwaters, and show the tendency that the wave overtopping 
rate reduces as the detached breakwater distance decreases. The 
wave overtopping rates decreased rate of 47, 53 and 78% at the 
dimensionless distance (Y/Li) of 0.5, 0.75, and 1.0 m, 
respectively, in comparison with the cases without the STBs. 

 

 

  
Figure 13. Wave overtopping rate distribution based on the detached 
distance of the steel type breakwaters. 

 
 

Table 5. Wave overtopping rates with/without steel type breakwaters 
based on the detached distances. 
  

Case 

Breakwater Wave overtopping 

Q/Q0 
Y/Li B/Li Q(m3/sec/m) 

Q/(gHm03)1/
2 

1 x 7.6×10-2 2.8×10-3 1.00 

2 0.5 

0.19 

3.6×10-2 1.3×10-3 0.47 

3 0.75 4.0×10-2 1.5×10-3 0.53 

4 1.0 5.9×10-2 2.2×10-3 0.78 

 
CONCLUSIONS 

In cases where seawall height increase and horizontal 
expansion were unavailable, steel type breakwaters (STBs) were 
installed at the seawall fronts to reduce the expected wave 
overtopping probability (EWOP) by decreasing the incident 
wave heights. The STBs at the seawall fronts could reduce the 
incident wave heights to retain the coastal view as it is. Thus, the 
applicability of the new combination method without public 
water surface reclamation was verified.  

Through this study, the following conclusions were obtained: 
  (1) to reduce the EWOP, a method of estimating the incident 

wave height reduction was proposed through a comparative 
analysis of the deterministic and reliability analysis methods; 

  (2) STBs were placed at seawall fronts with a high EWOP to 
verify that the EWOP can be reduced by being smaller runup 
height as necessary; and 

  (3) as the permeable breakwaters can reflect waves partially 
and previously at a seawall front and can reduce the intensity of 
the reflective waves, sand erosion at the seawall toes are likely 
to be diminished. 
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ABSTRACT 
 
Lim, H.S.; Kim, C.S.; Lee, H.J.; Shim, J.S.; Kim, S.J; Park, K.S., and Chun, I., 2014. Variability of residual currents 
and waves in Haeundae using long-term observed AWAC data. In: Lee, J.L.; Leatherman, Stephen P., and Lee, J. 
(eds.), Proceedings 3rd International Rip Current Symposium (Busan, Republic of Korea). Journal of Coastal 
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The Haeundae in the southeastern Korean Peninsula is a famous beach which is one of the most popular tourist 
attractions of Korea in summer. It is about 1.6 km long and 40 m wide facing the southeastern sea of Korea and 
Korea Strait. During strong winds in winter and severe typhoons in summer, the beach is significantly eroded by 
waves and nearshore currents in the surf zone. The intensive coastal developments during last 30 years have caused 
substantial beach erosion and bathymetric changes in the nearshore area, despite various beach restoration projects, 
including beach nourishments. Recently, the government decided to construct two submerged breakwaters near both 
ends of the beach to enhance the preservation potential of the beach replenishments. We estimated the seasonal 
variations in residual currents from one-year flow measurements using the Acoustic Wave and Current (AWAC) 
meter, at two locations of Haeundae at approximately 15 m and 22 m in depths. Short-term flows were measured in 
the surf zone during summer and winter. The moving average method was applied fortnightly to estimate the residual 
currents. In addition, waves measured with the AWAC were analyzed to characterize seasonal variations in the beach 
environment of Haeundae. The observed residual currents were well matched with the simulated counterpart from a 
wave and current coupled model. These simulated nearshore currents appear well correlated with seasonal variations 
in beach erosion and accumulation. The wave and current data were also used to validate an operational coastal 
modeling system for the prediction of hydrodynamics. These observations will be incorporated in simulations of 
sediment transport in Haeundae coastal waters for developing coastal erosion control system. 
 
ADDITIONAL INDEX WORDS: Haeundae, residual current, wave variation, seasonal variability, erosion. 
 

 
INTRODUCTION 

Haeundae is a pocket beach bounded by Dongbaek Island and 
Dalmaji Hill in its western and eastern ends, respectively. 
Recently, the beach has been eroded and retreated by high 
waves during winter storms and summer typhoons. The 
developments of the coastal region around Haeundae have also 
contributed considerably to the beach erosion. This is largely 
because the main stream, Chuncheon, which once supplied 
significant amounts of sand to Haeundae, now has lost its 
function of delivery of both freshwater and sand. Therefore, in 
2013, the government started a four-year project of beach 
restoration that includes massive beach nourishment and 
engineering construction with an estimated total cost of 47 
billion dollars. In 2014, two submerged breakwaters are planned 
to be constructed in the surf zone near both ends of the beach to 
reduce breaking wave energy and thus sediment erosion.  

Kim, Jeong, and Lee (2012) conducted a basic research on the  

 
seasonal pattern of sediment distribution and transport tendency 
in Haeundae by analyzing the observational data from 2007. 
They suggested that the sites of beach accumulation depended 
on the season; accumulation occurs in the eastern part in spring 
and in the western part in winter. By contrast, erosion prevailed 
over the entire beach during summer. Although the major 
controlling agent for erosion and accumulation of the beach was 
thought to be waves, they attained no directly measured data on 
waves in 2007. The field measurements of current and wave in 
Haeundae for the design of restoration projects were also based 
on the short-term observation in summer and winter without 
long-term observation measuring year-long wave and current.  

In this situation, the government launched a comprehensive 
research project on sediment transport mechanisms associated 
with the erosion and accumulation of Haeundai beach. Based on 
the 2013 observations and numerical simulation that resulted 
from this project, the objective of the present study is to 
characterize the wave and wave and current environment of 
Haeundai beach in order to support the development of coastal 
erosion control system.  
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Figure 1. Observation locations and periods of AWAC in Haeundae. 
atmospheric data provided by the KHOA ocean buoy. 

 
 

 

 
Figure 2. Time series of wave at station BS2 and wind at KHOA ocean 
buoy near station BS1 during 26 July 2013 – 19 June 2014. 

 
 

 

 
Figure 3. Computational domain and bathymetry of Haeundae coastal 
waters for wave-current coupled model ROMS-SWAN. 

 

DATA AND METHODS 
 

Field Observations 
Field observations were conducted in Haeundae coastal 

waters (Figure 1). Starting from 26 July 2013, three sets of 
Acoustic Wave and Current (AWAC) meters wered eployed at 
three points; one is at station BS1(129˚10′8.3″E, 35˚09′0.8″N) at 
a mean water depth of 15 m on the western side of the ridge 
from 4 September 2013 to 11 March 2014, another one is at 
station BS2 (129˚10′16.8″E, 35˚08′39.8″N) at a mean water 
depth of 22 m in the outer coastal water of the strait to the beach 
through station BS1 from 26 July 2013 to 19 June 2014 for 
almost a year. The third station BS3 (129˚09′36.5″E, 
35˚09′21.4″N) is at a mean water depth of 8 m at nearshore area 
on the mid-western side of the beach from 7 August to 31 
October 2013. Near Mipo Port, which is located at the eastern 
end of the beach, another AWAC was deployed at station BS4 
(129˚10′5.3″E,35˚09′26.8″N) at a mean water depth of 6 m from 
13 February to 28 March 2014. Figure 2 shows the time series of 
wave and wind data observed by AWAC at BS2 and BUOY 
operated by Korea Hydrographi and Oceanographic 
Administration (KHOA) near BS1 during one year from 26 July 
2013 to 19 June 2014. The bottom-mounted AWACs, which are 
deployed on the seabed on non-metallic frames and in upward-
looking mode, measured 10-30 cells of currents at every 1 m 
vertically at 10 minute intervals and measured waves for 17 
minutes with 2048 bursts (2 Hz) every 1 hour. The AWAC 
instruments were lowered to the seabed from a ship and checked 
by professional divers during deployment and recovery of the 
instruments. The deployed AWACs were recovered every 3 
months to retrieve the measured data and to check the remaining 
duration of battery. The available wave and current data 
measured by another project from 6 July to 18 August 2011, at 
station BS0 (BS-2011) near Dongbaek Island on the western 
side of the beach was also included in our data analysis. 
 
Data Processing 

The AWAC measures all data cells from the bottom to the 
surface water at every 1 m including above the air according to 
the cell numbers set at the configuraion before the deployment. 
We extracted the valid data by using the Acoustic Surface 
Tracking (AST) data and the Signal-to-Noise (S/N) ratio with 
the signal intensity from all measured data including invalid data 
above the air. Among the valid data, we have recompiled the 
surface layer flow by picking the second cell from the top, as the 
uppermost value. The bottom layer was set at the first cell from 
the bottom. The middle layer was set at the middle cell between 
the surface and the bottom. We transformed the current raw data 
into the true North coordinate for identification on the 
navigation chart because the true North of Haeundae beach is 
deflected approximately 7° clockwise. Currents of East (U) and 
Nort (V) components were transformed. To estimate the residual 
flows we applied the moving average on the data with 
fortnightly data windows, MSf (327.86 hours) and two times 
MSf. The estimation of residual current swith different 
measurement periods for the case of Kyunggi Bay of Korea was 
described by Kim et al. (2009). The fortnightly moving average 
was found to be effective for all tidal type. 
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     (a) Spring (March, April, May) 

 

                               
(b) Summer (June, July, August) 

                                          
(c) Fall (September, October, November) 

 

                                
(d) Winter (December, January, February)  

Figure 4. Seasonal variation in significant wave height and direction (left) and surface current speed and direction (middle) observed by AWAC at 
station BS2 and wind speed and direction (right) observed by the KHOA ocean buoy in Haeundae coastal waters from July 2013 to June 2014.
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model that calculates bottom wave and current combined

 
(a) BS2(2013~2014) 

 
(b) BS1(2013~2014) 

 
(c) BS3(2013) 

 
(d) BS4(2014) 

 
(e) BS0(BS-2011) 

Figure 5. Variation in residual current speed (left) and direction (right) 
of surface (red) and bottom (blue) layers at (a) BS2, (b) BS1, (c) BS3, 
(d) BS4, (e) BS0. 

 
 
Wave and Current Coupled Model 

The Regional Ocean Modeling System, ROMS (Haidvogel 
et al., 2008) two-way coupled with the Simulating Waves 
Nearshore (SWAN) model (Booij, Ris, and Holthuijsen, 1999) 
was used for the simulation of nearshore currents. The wave-
current coupled model (ROMS-SWAN) has been used for the 
development of the Integrated Maritime Prediction System (I-
MAPS) (Lim et al., 2013) to support ship navigation and port 
operation by providing predicted wave and current data on a 
72 hour basis for the major ports in Korea, such as Incheon, 
Yeosu, Masan, and Busan as part of the Korea Operational 
Oceanographic System (KOOS). Using the Model Coupling 
Toolkit (MCT), the SWAN model provides simulated waves, 
including wave height, wave direction, and wave period, with 

updated hydrodynamic data to the ROMS radiation stress 
terms resolving the wave-current interaction (Lim et al., 
2013). The radiation stress terms in momentum equations in 
ROMS were described by Warner et al. (2008). 

The down-scaled operational model, ROMS-SWAN for the 
Haeundae coastal waters uses a high-resolution grid (288 by 
144) in horizontal array and 20 layers in vertical array with a 

cell size of 15 m covering 129.15–129.19°E and 35.14–35.16°

N (Figure 3). The model is nested with the operational model 
I-MAPS (Busan), which has a grid of 300 m resolution, for 
the open boundary condition using predicted oceanic currents 
and wave spectrums. The operational Weather Research 
Forecasting (WRF) model results were used for the 
atmospheric forcing. For the tides at open boundary, we used 
8 major tidal constitutions with semi-diurnal tidal constituents 
(M2, S2, N2, and K2) and diurnal tidal constituents (K1, O1, 
P1, and Q1) derived from the regional ocean tide model, 
NAO99Jb (Matsumoto, Takanezawa, and Ooe, 2000). We 
simulated the wave and current interaction in Haeundae 
coastal waters using the wave-current coupled ROMS-SWAN. 
In this paper we show the results of the nearshore current for 
the seasonal wave condition generated by ROMS coupled 
with the wave information from SWAN at the interval of four 
minutes with the tide for the open boundary condition. 
 

RESULTS 
 

Seasonal Variability of Waves 
The year-long wave and current data observed by AWAC 

at Haeundae station BS2 deployed at a mean water depth of 
22 m from 25 July 2013 to 19 June 2014 was analyzed for 
seasonal variation in the wave environment. The wind data 
observed by the real-time oceanographic buoy located near 
station BS1, which is operated by KHOA, was also analyzed 
during the same period of observation. Figure 4 shows the 
seasonal variation in significant wave height, wave direction, 
surface current speed, and current direction observed by 
AWAC at station BS2, and as well as the wind speed and 
wind direction provided by the KHOA ocean buoy near 
station BS1 from July 2013 to June 2014. 

In spring, the recorded significant wave height was 
approximately 0.5-1.5 m, and the wave was transmitted in the 
direction of SSW and ESE because of seasonal wind from 
WSW, NW, and NE. The northerly wind propagated the wave 
from the southeast to the north west along the geographic 
coastline, which is located at the southeastern end of the 
Korea Pennisula. The direction of the observed tidal current at 
station BS2 shows a flow toward SW and NE during flood 
and ebb tides. In summer, the dominating wave directions of 
S and ESE are caused by southwesterly and northeasterly 
wind. The observed currents show a spread of surface waters 
toward the north coast caused by the strong wave generated 
from S and SE. In fall, the dominating wave direction was 
from E because of seasonal wind from NW, NE. The current 
direction spread toward NW because of the wave direction of 
E caused by northeasterly wind. In winter, the highest 
significant wave of the year was recorded at approximately 
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0.5–2.5 m mainly in the direction of ESE caused by seasonal 

northwesterly wind. Even though strong waves were  
transmitted from SE by the strong northwesterly wind, the 
surface currents did not spread toward the Haeundae  coast. 
 

Variability of Residual Flow  
We estimated residual currents from the observed AWAC 

flow data using the moving average method with fortnightly 
data windows, MSf (327.86 hours), which is the optimized 
time span in Haeundae coastal waters.  

 

 
  (a) SSW                                                                       (b) S 

 
    (c) E                                                                     (d) ESE 

Figure 6. Nearshore current and significant wave height simulated by the ROMS-SWAN model under ebb tide and wave conditions of 1 m wave height 

and 8 seconds for Haeundae coastal waters. Figure 5 shows the variation in speed and direction of residual currents.

 
 
Figure 5 shows the variation in speed and direction of 
residual currents at the surface and the bottom estimated by 
the AWAC flow data. At station BS2, the data measured 
from July 2013 to June 2014 shows seasonal variation in the 
residual speed and direction. Over the year, the main 
direction of residual currents was estimated as eastward at 

the speed of 5–11 cm/s. However, in summer the currents 

head north toward the Haeundae coast as an effect of wave 
and wind propagation from south. A similar pattern was 
estimated at station BS1, which is located at a mean water 
depth of 15 m on the western side of the ridge, from 
September 2013 to March 2014. In summer 2013, the 
residual currents observed at station BS3, which is located at 
a mean water depth of 8 m and 270 m off the mid-western 
coast of Haeundae show SW current direction along the 

coastline with speed of 3–8 cm/s. In summer 2011, another 

observation at station of BS0 (BS-2011), located west of 
Haeundae near the southern coastal waters of Dongbaek 
Island shows the direction of current towards west with the 

speed of 2–5 cm/s at the surface. At station BS4, which is 

  
located at a mean water depth of 6 m off the mid-eastern  
coast of Haeundae, the residual currents show the direction 
of E along the coastline with a speed of approximately 3 
cm/s from February to March 2014. 
 
Nearshore Currents Induced by Wave-Current Interaction 

The variation in residual currents estimated by AWAC data 
shows different flow patterns in the Haeundae nearshore and 
offshore area. The residual current speed and direction in the 
offshore area changed seasonally mainly because of the effect 
of oceanic currents in summer and wind-driven currents in 
other season. However, the pattern of the residual current 
speed and direction in the nearshore area shows steady flow 
following the alongshore current, which is mainly caused by 
wave and current interaction generated by tide and wind 
waves. The nearshore currents near the coast are also affected 
by the nearshore bottom topography and the geometric 
coastline of Haeundae. 

The simulation of wave and current was conducted with the 
ROMS-SWAN coupled model for four different cases by 
applying a significant wave height of 1 m, wave period of 8 
seconds, and the seasonally varying wave direction of SSW in 
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spring, S in summer, E in fall, and ESE in winter (Figure 6). 
In spring, the nearshore currents in the nearshore area are 
separated at the mid-eastern of coast by the incoming wave 
from SSW and heads to Dongbaek Island and Mipo Port. 
After the nearshore currents are merged at the southeastern 
end of Dongbaek Island, the currents flow toward east 

following the water depth of approximately 10–15 m. In 

summer, with the dominant wave from S, the intensity of the 
nearshore current along the coast is much stronger than in 
spring. A small-scale eddy also occurs in the nearshore area 
by the wave and current during wave propagation to the beach. 
In fall and winter, the estimated predominant direction of 
nearshore current is from Mipo Port in the east to Dongbaek 
Island in the west because of the incoming wave from E and 
ESE, respectively. 
 

 

 
Figure 7. Averaged surface residual currents in Haeundae coastal 
waters estimated by bottom-mounted AWAC flow data. 

 
 
The speeds of the currents at stations BS1 and BS2 are 

much weaker than the nearshore currents near the coast, and 
the flow heads toward northeast. Figure 7 shows the averaged 
residual surface current distribution in Haeundae coastal 
waters estimated by the AWAC data with different observed 
period. The averaged residual currents in the nearshore area 
are well matched with the simulated nearshore currents 
induced by the wave-current coupled model in figure 6. 

 
CONCLUSIONS 

We measured waves and currents in Haeundae coastal 
waters during one year using two AWACs from July 2013 to 
June 2014. During this period, we also measured waves and 
currents for two months in the nearshore areas close to 
Dongbaek Island in the west and Mipo Port in the east in 
summer and winter separately. 

The seasonal variability of waves was analyzed using 
AWAC observations at station BS2, located at the water depth 
of 22 m in the Haeundae coastal waters, together with the 
wind data provided by an oceanic buoy operated by KHOA 
near station BS1. The observed waves were estimated to be 
directly affected by seasonally varying winds as well as 
seafloor bathymetry. In spring and summer, relatively weak 
waves from the SSW and S directions were generated by 
southwesterly winds, whereas in fall and winter, strong waves 

were predominant coming from the directions of E and ESE 
controlled by northeasterly and northwesterly winds. The 
estimated residual currents also show a seasonal pattern with 
varying speed and direction. In the offshore, residual currents 
constantly flew east except in summer and fall. On the other 
hand, residual currents at two nearshore stations that were 
located near the either ends of Haeundae beach flew 
alongshore in the opposite directions away from the middle of 
the beach. 

We simulated nearshore currents in Haeundae coastal 
waters using the wave-current coupled model ROMS-SWAN, 
which has the radiation-stress term in the momentum 
equations of ROMS. The simulated nearshore current 
direction was shown to be generally in good accordance with 
the averaged surface residual-current observations in the 
nearshore area. The direction of the nearshore current near the 
coast shows a clear pattern heading toward Dalmaji Hill and 
Mipo Port in spring and summer because of the weak wave 
from SSW, S generated by southwesterly wind. However, the 
direction of the nearshore current in fall and winter is from 
Mipo Port to Dalmaji Hill because of the strong wave from E, 
ESE generated by northeasterly and northwesterly wind. 
Therefore, the measurements of wave and current could be 
used for validating an operational coastal modeling system for 
the prediction of sediment transport and morphological 
change in the Haeundae. This in turn could support the 
development of the Haeundae coastal erosion control system. 
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Simulation of Seasonal Bathymetric Change at Haeundae Beach 
with Two Representative Wave Settings 
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ABSTRACT 
 
Kim, H.; Jin, J.Y.; Jang, C.; Yoo, H.J., and Hwang, D.H., 2014. Simulation of seasonal bathymetric change at 
Haeundae Beach with two representative wave settings. In: Lee, J.L.; Leatherman, Stephen P., and Lee, J. (eds.), 
Proceedings 3rd International Rip Current Symposium (Busan, Republic of Korea). Journal of Coastal Research, 
Special Issue, No. 72, pp. 173-178. Coconut Creek (Florida), ISSN 0749-0208. 
 
Long-term shoreline position of Haeundae Beach has been quite stable notwithstanding seasonal oscillatory 
movement. Bathymetry around Haeundae Beach was surveyed on 7 August 2007 and 12 November 2007 by using an 
echo-sounder, while wave, tide, and tidal current were measured between the two survey days, so that bathymetric 
change at Haeundae Beach was obtained from the two surveys. According to the surveys the east part of the beach 
was eroded, and the west part of the beach was accreted. Measured waves from SSE, SE, ESE, E during the period 
were stronger than measured waves from S, SSW, SW, WSW. A numerical model system CST3D was adopted to 
reproduce the bathymetric change at Haeundae Beach during the period. Two representative wave settings are chosen 
for the period as a minimum number to represent the time-series of wave record, based on equivalent sediment flux 
concept contained in the CERC formula. Wave field, wave-induced force field, wave-induced current field, sediment 
transport field, and bathymetric change are computed from individual modules, SWAN, WIF, FLOW, SED in 
CST3D, respectively. Computed bathymetric change agrees reasonably well with measured one. It is believed that 
selection of two representative wave settings is useful for simulation of seasonal bathymetric change for fairly 
straight morphology like Haeundae. CST3D is thought to effectively describe overall seasonal sediment transport 
pattern and consequent bathymetric change at Haeundae Beach. 
 
ADDITIONAL INDEX WORDS: CST3D, Haeundae Beach, wave induced current, bathymetric change. 
 

 
INTRODUCTION 

Haeundae Beach is a wide, long, sandy beach in Korea. 
Shoreline of the beach has been in almost equilibrium state for 
long time until about 2000. Haeundae Beach has been known to 
undergo seasonal bathymetric changes, i.e. erosion of east part 
and accretion of west part of the beach in winter, and vice versa. 
Some structures have been built around the beach since then, 
and the morphology at the shoreline has seriously retreated. 
National and regional governments are trying to recover the 
shoreline to the original place for live tourism and territory 
protection. Another issue exists at the beach that occasional 
unpredictable rip current develops around the coast, and 
threatens swimmers’ safety. 

Haeundae Beach is about 1.5 km-long, more or less straight, 
but closed by two headlands. The beach faces the open sea in the 
south-east direction on a coarse scale, while it faces the sea in 
the south direction on a fine scale, see Figure 1. 

Bed material at the beach is mostly sand. Median diameter of  

 
the bed material at the beach varies between 270 and 640 μm, 
average median diameter is about 300 μm, and it is poorly sorted 
with average sorting of 1.4 Ф. The median diameter of bed grain 
size gets smaller as the water deepens across shoreline. Some 
parts of the beach are covered with rocks. 

Waves from S, SE, and E arrive at Haeundae Beach, while 
waves from W or SW are blocked by headland of Yongho-Dong 
in Figure 1. S waves are common in summer, and SE waves are 
common in winter. High waves generate strong wave-induced 
alongshore current, and play an important role in morphological 
change of the beach. 

Haeundae Beach has a mean tidal range of 1.3 m, and the 
maximum tidal current speed during mean tidal range period is 
about 20 cm/s at 20 m water depth during mean tidal range, see 
Busan City (2009). Tidal current near the beach is relatively 
weak compared to wave-induced current, which is up to about 
50 cm/s for 2 m high waves. Although tidal current at the site 
continuously transports fine sediment, residual current of the 
reversing tidal current may not much contribute to the seasonal 
bathymetric change, and is ignored in this study. 

Normally the wave-induced current at the coast is expected in 
western direction for E or SE incident waves, and eastward 
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direction for S incident waves. Complicated rip currents have 
also been observed around the beach. Non-smooth, non-erodible 
rocky bed is around the beach, which may influence detailed rip 
current positions. 

Investigation of sediment budget in the study domain would 
be useful in parallel with surveying of sediment fluxes across 
boundary lines to foresee long term bathymetric change of the 
beach. The fate of artificially-nourished sand along the beach 
since 2000 is also of interest. However, we focus on seasonal 
bathymetric changes within a year here. 

Accurate prediction of the bathymetric change of the beach 
requires accurate prediction of the wave-induced flow field and 
the sediment transport field. 

Many external forces affect bathymetric change at Haeundae 
Beach. The forces include tidal force, wave-induced force, 
wind-induced force, and storm surge-induced force. Tidal 
current field is more or less regular, and predictable with high 
accuracy. On the other hand, wave-induced current is non-
periodic. Wave-induced current speed depends on wave power. 
Contribution of the wave-induced current and the tidal current to 
the bathymetric change may not be linearly linked, but we 
simply separate the wave-induced current and the resultant 
sediment transport for intuitive analysis in this study. 

 

 

 
Figure 1. Map of study area Haeundae Beach. 

 
 

Waves and bathymetry were measured at the beach in 2007. 
Waves were measured by using ADCP at Station W in Figure 1 
from 7 August to 12 November 2007. 2 Hz velocity and pressure 
data were logged for 10 minutes each hour, the total of 2292 
hours (95.5 days) data sets were collected, and converted into 
random wave parameters, see Figure 2. 

 

 

 
Figure 2. Measured time-series of wave data during 7 August to 12 

November 2007, (a) significant wave height, (b) peak wave period, (c) 

wave direction θ’.

 

Relationships between important parameters, i.e. the 
significant wave height, peak wave period, and the main wave 
progress direction (θ') counter click wise from the east (x axis) 
are shown in Figure 3. 

 

 

 
Figure 3. Measured wave data at Haeundae during 7 August to 12 
November 2007, (a) significant wave height versus wave direction, (b) 
peak wave period versus wave direction, (c) peak wave period versus 
significant wave height.

 
 
We define another wave direction θ as 168.75-θ' deg, which 

means counterclockwise wave progress direction with respect to 
the normal direction to the shoreline at the beach centre. Then, 
data sets outside valid range ((θ' <78.75 deg or θ > 90 deg), or  
(θ' > 258.75 deg, θ < - 90 deg)) were considered calm for further 
analysis. Total duration of the waves from eastward and 
westward directions (positive and negative θ) are 1112 hours, 
and 1006 hours, respectively. 

Bathymetry of the beach was measured on 7 August and 12 
November 2007, and the bathymetric change (positive: 
deposition height) between the two measurements is shown in 
Figure 4.  

 

 

 
Figure 4. Bathymetric change at Haeundae between 7 August 2007 and 

12 November 2007 (positive: deposition, negative: erosion).

 
 
Some recent research results on rip current or bathymetric 

change at Haeundae Beach are available. We worked on rip 
currents at Haeundae Beach, but didn’t handle sediment 
transport problem at the beach (Chun et al., 2013; Kim, Lee, and 
Lee, 2013; Lee et al., 2013). Kim, Lee, and Lee (2013) 
conducted a wide range of research work on Haeundae Beach 
problems. They carried out laboratory experiments and 
numerical modelling on rip current generation and bathymetric 
change at the beach. They also proposed countermeasures to 
mitigate serious erosion problem of the beach. They applied 
numerical model to a few cases. However, detailed comparison 
between numerical model results and hydraulic laboratory 
experimental results was not carried out in their work. 
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SELECTION OF REPRESENTATIVE WAVES 
Ideal approach to simulate bathymetric change at a site may 

be simulating full time-dependent wave field, current field, and 
sediment transport field by using full measured time-series of 
wave data. However, that approach requires long computation, 
and may not be efficient depending on the purpose of simulation. 
Several attempts have been tried to reduce input conditions to 
simulate morphological change due to waves and wave-induced 
current at various sites. 

There have been trials to simulate wave-induced current field 
and bathymetric change in a horizontal two-dimensional domain 
(O’Connor, Kim, and Yum, 1992), which is more general from 
the geographic point of view compared to 1-line or N-line 
models which are mainly for straight beaches. O’Connor, Kim, 
and Yum (1992) grouped long-term wave conditions at a site 
into ad-hoc two representative wave settings, and applied their 
numerical model system to Chukpyon Beach. Two different 
wave directions produced much different wave-induced current 
patterns, which qualitatively explained seasonal bathymetric 
change at the site.  

Plecha et al. (2007) chose a set of representative waves to 
reproduce morphological change at Ria de Aveiro between 1990 
and 2001. They firstly discretised wave data into 282 fine cells, 
each of which has 0.5 m wave height width, 2 s wave period 
width, and 22.5 deg wave direction width. Representative wave 
height of each cell was simply chosen as the central value of the 
cell. Then, they converted the whole 282 discrete wave settings 
into 8 representative wave settings by using several empirical 
formulae for reasonable conversion from one cell to the 
representative one. They concluded Kampuis’ (1991) formula is 
accurate. However, they arbitrarily selected 8 representative 
waves, and all 8 waves were selected from one side (positive 
side) of directions, which may not be acceptable for other cases. 

Input conditions to model cross-shore bar migration at two 
coastal sites tried to be simplified. They wanted to reproduce 
cyclic behavior of sub-tidal sandbars, and argued that synthetic 
time series of wave conditions are not always appropriate 
depending on wave climate and morphology. They also argued 
that there is a limit on the minimum number of wave conditions 
for each case. They used a weighted average of the frequencies 
of occurrence for the wave height with a power to account for its 
contribution to sediment transport, while the wave period was 
linearly averaged. Their method to reduce input wave conditions 
to reproduce bar migration has yet been examined for longshore 
transport rate.   

We tried to find adequate number of classes to reproduce 
morphological change of an embayed beach. They evaluated 
three parameters, wave direction, significant wave height, and 
peak wave period. They used cumulative wave energy flux as a 
weighting factor of each occurrence at the first stage, and 
selected several sets of representative wave settings for 
comparison. They adopted DELFT3D for process-based 
simulation of morphological change at the site, and compared 
their selections from the viewpoint whether equilibrium beach 
shape was reproduced. Whether method of finding 
representative waves for equilibrium beach shape of an embayed 
coast could be applied to other cases is not sure. 

Several empirical formulae for the longshore transport rate at 
straight beach exist. The CERC formula (CERC, 1984) has been 

frequently used to predict the total longshore sediment transport 
rate (including bed load and suspended load) which involves 
three parameters, i.e. the energy of root-mean-squared (rms) 
wave height, the wave group celerity, and the wave direction as: 

 

1 , sin cosg br br brI K Ec q q=          (1) 

 
where I is the immersed sediment alongshore transport rate in 
weight per time, E is the energy of rms wave, cg is the group 
wave celerity at the breaker line, and θbr is the angle between the 
wave progress direction and the normal direction to shoreline at 
the breaker line, and K1 is a scaling coefficient.. Converting the 
rms wave height into the significant wave height, assuming the 
seawater density as 1030 kg/m3, the group wave celerity as that 
of the shallow water wave (cg=sqrt(gh)), and the breaker index 
as 0.78, where g is the gravitational acceleration, h is the water 
depth, then: 
 

2.5
2 , sin 2s br brQ K H q=           (2) 

 
where Q is the alongshore transport rate in bulk volume 
including pore per time, and K2 is another scaling coefficient. 
Equation (2) means that the wave height contributes to the 
alongshore transport rate to a relatively high power of 2.5, and 
the angle between the incident wave direction and the shore-
normal direction also strongly affects the alongshore transport 

rate; almost linear influence for small angle (sin 2θbr  2θbr). 

Discussions have been made on the accuracy of the power 2.5 to 
the wave height up to the present (Kamphuis, 1991; Miller, 
1999; Schoonees and Theron, 1996) Another argument of the 
influence of the wave period on the alongshore transport rate is 
also ongoing. Given the wave height, the wave period reduces 
the bed shear stress, and at the same time enlarges the duration 
of the bed shear stress. Kampuis (1991) proposed an empirical 
formula for the alongshore transport rate including the effect of 
the wave period. However, it seems more data may validate the 
extent of the wave period effect on the alongshore transport rate 
in the future. In this study the CERC formula, Equation (2) is 
adopted for selecting representative wave settings. 

First, minimum number of wave directions of two is selected. 
The alongshore transport can have two opposite directions at 
straight beaches like Haeundae, and therefore each directional 
transport is represented by either eastward or westward transport 
along the shoreline. The eastward alongshore circulation 
patterns and the resultant sediment transport patterns along the 
shoreline are assumed to resemble to each other for waves 
propagating toward eastward even though wave heights are 
different, and vice versa. Two directions (θbr) of 11.25 deg (SSE 
wave) and -11.25 deg (S wave) are chosen as representative 

directions representing 0 ≤  θbr < 90 deg (SSE, SE, ESE, E 

waves), and -90 ≤  θbr < 0 deg (WSW,SW,SSW,S waves), 

respectively. The wave direction is converted into one of the two 
representative directions by adding a weighting factor computed 
from sin(2θbr,i)/sin(2θbr,1) or sin(2θbr,i)/sin(2θbr,2) which 
appears in Equation (2), where i is the index of the individual 



176 Kim et al. 
_________________________________________________________________________________________________ 
 

Journal of Coastal Research, Special Issue No.72, 2014 

wave setting, and 1 and 2 are the indices of the above two 
representative waves (SSE and S). 

Second, representative wave heights are chosen for the above 
two representative directions. Just one representative wave 
height is chosen for two representative wave directions, S and 
SSE wave groups. Virtually any wave height can represent the 
wave height distribution, as long as the shoreline is straight, and 
the CERC empirical formula is accurate. As for Haeundae 
Beach, its bathymetry is not much planar, and different wave 
height could produce different wave-induced circulation pattern. 
The most significant effect of the wave height on flow and 
sediment transport may be reflected by the offshore limit of the 
circulation and the sediment transport. Therefore, we select the 
two largest wave heights for the two representative wave 
directions, see Figure 5. 

 

 

 
Figure 5. Two representative wave settings by converting wave direction 
and significant wave height of each wave data.

 
 
The largest significant wave heights for positive and negative 

representative wave angles (θbr,1=11.25 deg, and θbr,2=-11.25 
deg) were 2.92 and 2.09 m, respectively. One occurrence of a 
wave setting corresponds to an hour. Each occurrence is 
replaced with one of the two representative wave settings 
depending on its direction. Then, replaced occurrence 
corresponds to another duration  (D), or weight as: 
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where Hs,1=2.92 m, Hs,2=2.09 m, θbr,1=11.25 deg, θbr,2=-11.25 
deg, and Δt=1 hour. Wave periods of the two representative 
waves were obtained by averaging individual wave periods in 
SSE, and S wave groups, which are 6.8 s, and 6.7 s, respectively. 

Applying Equation (3) to the effective wave data sets, the 
duration of the representative wave from SSE (representing SSE, 
SE, ESE, E) becomes 86 hours for the largest significant of 2.92 
m, and the duration of the representative wave from S 
(representing S, SSW, SW, WSW) becomes 118 hours for the 
largest significant wave height of 2.09 m. 
 

NUMERICAL MODELLING OF SEDIMENT 
TRANSPORT AND  

BATHYMETRIC CHANGE AT HAEUNDAE BEACH 
Bathymetric changes per 24 hours were computed for the two 

representative wave settings by using CST3D system. Recently-
developed, free-downloadable numerical model system at 
blog.naver.com/cst3d, CST3D (Kim et al., 2013) is composed of 
a wave module, an external driving force module, a flow module, 
and a sediment transport and bathymetric change module. The 
system uses orthogonal curvilinear grid in the horizontal plane, 
and sigma grid in the vertical direction. 

 
Computation of Wave Fields 

The wave module of the CST3D is the open software, SWAN 
v40.91ABC (The SWAN Team, 2013). The SWAN solves wave 
field on the frequency domain, and incorporates wave-current 
interaction. The two representative wave settings of the previous 
section are supplied to the module as input conditions. 
Computed wave vector fields for the two wave settings are 
shown in Figure 6. Refraction, diffraction, shoaling and 
breaking of wave is well simulated on the results. In general 
SSE wave field contain higher waves than S wave field due to 
boundary condition. Refraction around the east headland is 
dominant for SSE waves. Large spatial gradient of wave energy 
due to this strong diffraction produces strong driving forces of 
the wave-induced current. 

 

 

 
Figure 6. Computed wave fields for two representative wave settings, (a) 
SSE wave, (b) S wave.

 
 

Computation of Wave-Induced Driving Forces 
The depth-integrated wave-induced driving force components 

for monochromatic waves are obtained from the following 
equations: 
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where Fx, Fy are the wave-induced driving force terms in the x 
and y directions, respectively; ρ is the fluid density, Sxx, Syy, Sxy 
are the depth-integrated radiation thrust (acceleration/length) 
components acting normally in the x direction, acting normally 
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in the y direction, acting tangentially in the x or y direction, 
respectively (Kim et al., 2013; Longuet Higgins, 1970; Longuet 
Higgins and Stewart, 1964; Stive and Wind, 1982). When wave 
spectrum is known, the driving forces for random waves can be 
computed from summation of forces for each individual wave 
element (wave direction and period). Regular waves are used 
instead of the two representative random wave settings 
(significant wave height, peak wave period, and main progress 
direction) in the present study for ease of computation. Lateral 
mixing, or turbulent mixing due to wave breaking influence the 
spatial distribution of the driving forces (Longuet Higgins, 
1970). Horizontal turbulent mixing is often expressed as 
horizontal dispersion terms with large dispersion coefficients, 
which may cause difficulties in numerical computation. Instead 
of the horizontal dispersion terms, the spatially-dispersed 
driving forces were obtained by Kim’s method (Kim, 2004) in 
this module, WIF in CST3D. The above driving forces may have 
non-even distribution in the vertical direction (Chun et al., 2013). 
However, assuming shallow water depth near breaker zone, 
uniform distribution is used for the present study. The computed 
wave-induced driving force vector fields in the domain for the 
two representative settings are shown in Figure 9. The wave-
induced driving forces push water body towards onshore within 
and near the surf zone. 
 

Figure 7. Computed wave-induced current field for two representative 
wave settings, (a) SSE wave, (b) S wave. 

  
Computation of Sediment Transport and Bathymetric Changes 

Sediment transport has two modes: bed load and suspended 
load. The bed load is computed by using Meyer-Peter and 
Muller’s formula, and the suspended sediment is computed from 
the reference level concentration near the bed by using van 
Rijn’s (1984) formula, and the following advection and 
diffusion equation meaning sediment mass conservation. 
Consolidation of bed layers is not considered here.  

Overall agreement between computed and measured 
bathymetric change seems reasonable. Zone I suffered 
deposition during the 3 months, which was also simulated by the 
present numerical model system. Zone II was eroded (negative 
deposition) during the 3 months, which was also reproduced by 
the model system. Numerical model system predicted that other 
Zones except I, II has not been seriously accreted or eroded, 
while field data shows some degree of morphological change. 
This non-negligible disagreement between measured and 
computed morphological change needs. 

 
 

 

 Figure 8. Computed monthly deposition height per day for two 
representative wave settings, (a) SSE wave, (b) S wave.

 
 

 

 
Figure 9. Computed deposition height during 7 August 2007 to 12 
November 2007.

 
The present simulation of the bathymetric change during a 

specific season may present a typical seasonal bathymetric 
change, if measured wave data during the period is typical. The 
present wave data set shows high waves from eastern direction 
(SSE, SE, ESE, E waves) than from south direction (S, SSW, 
SW, WSW waves), and can be regarded typical. 

 
CONCLUSIONS 

Time-series wave data are represented by two representative 
wave setting, which could reproduce similar bathymetric change 
at Haeundae Beach. Numerical modelling provided the snap-
shot of the wave, the wave-induced current field, and 
bathymetric change for two representative wave settings, and 
final bathymetric change during a season. The modelling results 
demonstrate that the SSE waves with the near-shore wave height 
of 2.92 m and the peak wave period of 6.8 s generate 
significantly strong westward wave-induced current along the 
shoreline. 

An interesting feature of the computed wave-induced current 
field is that rip current develops for SSE waves. 

Computed bathymetric change during the 95 days agrees 
reasonably well with measured bathymetric change. Dominant 
erosion on the eastern part of the beach was well reproduced, 
and the accretion on the western part of the beach was also 
qualitatively reproduced. Although there are some zones where 
numerical model results and measurements don’t agree well, 
overall simulation result is considered acceptable. Choosing two 
representative wave settings with the CERC formula, and using 
CST3D system could be examined at other sites as well in the 
future. 
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ABSTRACT 
 
Ha, T.; Jun, K.; Yoo, J., and Park, K.S., 2014. Numerical study of rip current generation mechanism at Haeundae 
Beach, Korea. In: Lee, J.L.; Leatherman, Stephen P., and Lee, J. (eds.), Proceedings 3rd International Rip Current 
Symposium (Busan, Republic of Korea). Journal of Coastal Research, Special Issue, No. 72, pp. 179-183. Coconut 
Creek (Florida), ISSN 0749-0208. 
 
Haeundae Beach is one of the most famous tourist attractions in Busan, Korea. Every year, millions of people visit 
the beach. Recently, however, numerous rip current accidents have occurred along the middle of the beach. For 
example, in 2013, more than 500 people were swept away by a strong channel of water flowing seaward from the 
shore and were rescued after being dragged into deeper water. Fortunately, no casualties were reported, but the 
authorities said that, given the right weather conditions, rip currents could occur again at any time, not only at 
Haeundae Beach but also at other beaches. Some studies have been conducted to determine the rip current generation 
mechanism at Haeundae Beach. Previous research suggests that a known mechanism of rip current generation 
associated with the nodal line area of honeycomb-patterned wave crests was one of the significant factors in rip 
current occurrences at Haeundae Beach. In this study, we performed numerical experiments to identify the rip current 
generation mechanism based on the hypothesis proposed in the study mentioned. A well-known Boussinesq equation 
solver, FUNWAVE-TVD, was employed to simulate nearshore circulation at Haeundae Beach. The model was 
verified by generating a rip current for a simple beach for honeycomb-patterned incident wave conditions. The model 
was then used in numerical simulations of wave transformation to identify the rip current generation mechanism for 
Haeundae Beach, and wave transformation characteristics were examined in detail to identify the possible origins of 
rip currents. The original bathymetry was modified and applied to simulation of nearshore circulation to understand 
how reefs located off the shore of Haeundae Beach contribute to rip current generation. The numerical results 
corresponded to a slightly different rip current generation mechanism. It is thought that honeycomb-patterned 
incident waves may induce rip current event at Haeundae Beach but the other factors may contribute as well. 
 
ADDITIONAL INDEX WORDS: Honeycomb-patterned wave crest, FUNWAVE-TVD, parallel computing. 
 

 
INTRODUCTION 

There are approximately 330 large and small national beaches 
in Korea, and more than 100 million people visit these beaches 
in every year. According to a national economic analysis, 
coastal tourists have an economic impact worth 20 billion USD 
per year. Haeundae Beach is one of the most famous tourist 
attractions in Korea, and every year, millions of people visit the 
beach. Recently, however, numerous rip current accidents have 
occurred along the middle of the beach, and on numerous 
occasions, rescue workers covering Busan’s beaches have been 
put on the highest alert because of rip currents. In 2013, more 
than 500 people were swept away by a strong channel of water 
flowing seaward from the shore and were rescued after being 
dragged into deeper water. Fortunately, no casualties were 
reported, but the authorities said that, given the right weather  

 
conditions, rip currents could occur again at any time, not only 
at Haeundae but also at other beaches. Some studies have been 
conducted to determine the rip current generation mechanism at 
Haeundae Beach. An interesting numerical study suggested that 
a known rip current generation mechanism associated with the 
nodal line area of honeycomb-patterned wave crests was one of 
the significant factors in rip current occurrences at Haeundae 
Beach (Choi, Shin, and Yoon, 2013; Choi et al., 2012). 
Numerical simulations of nearshore circulation at Haeundae 
Beach were conducted using a nonlinear Boussinesq equation 
model to confirm the hypothesis concerning the generation 
mechanism. In this study, we performed numerical simulations 
to determine the mechanism generating rip currents at Haeundae 
Beach based on the hypothesis proposed in previous research. A 
well-known Boussinesq equation solver, FUNWAVE-TVD (Shi 
et al., 2012), was employed to simulate nearshore circulation at 
Haeundae Beach. The model was verified by generating a rip 
current for a simple beach under honeycomb-patterned incident 
wave conditions. The model was then applied to numerical 
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simulations of wave transformation to determine the rip current 
generation mechanism at Haeundae Beach, and wave 
transformation characteristics were examined in detail to 
identify the possible origins of rip currents. 

 
Table 1. Rip current accidents at Haeundae Beach. 

 
Year Month Victims Human loss 
2007 June 1 1 
2008 August 55 - 
2009 August 125 - 
2010 July-August 179 - 
2012 June-August 418 - 
2013 June-August 546 - 
Total - 1,324 1 

 
METHODS 

 
Computational Set-Up 

The fully nonlinear and weakly dispersive Boussinesq model 
FUNWAVE (Wei et al., 1995), was initially developed and 
validated for coastal wave dynamics problems and was 
successfully used in many tsunami case studies (cf. Chen et al., 
2003; Ioualalen et al., 2007). Recently, the model was improved 
and upgraded to FUNWAVE-TVD (Shi et al., 2012) using a 
Total-Variation-Diminishing (TVD) shock-capturing algorithm 
to simulate wave breaking and inundation more accurately. The 
model is fully parallelized through a message-passing interface 
protocol. This improved model has been validated for 
simulations of complex wave transformation on real topography 
(Grilli et al., 2013; Ha et al., 2014; Shi et al., 2012). 

The computational grid shown in Figure 1 was constructed by 
utilizing the electronic sounding data obtained during the 
national project titled “Haeundae Beach coastal improvement 
project” conducted in 2007. A uniformly fine 2.0 m grid and a 
total of 1,681,405 (1045 1609) meshes were used in the 
numerical simulations. For the boundary conditions, sponge 
layers were employed in the numerical domain to absorb 
outgoing wave energies. 

 

 

 
Figure 1.  Detailed bathymetry of Haeundae Beach and location of large 
reefs off the shore of the beach. 

 

RESULTS AND DISCUSSION 
 

Honeycomb Pattern of Waves 
In general, rip currents can be generated not only on beaches 

that have bathymetric variation or coastal structures but also on 
specific beaches without rip channels or structures because the 
interaction of different types of waves can produce rip currents. 
Choi et al. (2012) clearly observed honeycomb-patterned wave 
trains by analyzing Closed-Circuit Television Video (CCTV) 
images and inferred that honeycomb-patterned wave crests are 
among the significant factors in rip current occurrences at 
Haeundae Beach. The researchers indicated these honeycomb-
patterned wave trains are produced by large reefs located off the 
shore of Haeundae Beach (Figure 1). In this study, we adopted 
their hypothesis and conducted numerical experiments to 
examine how large reefs contribute to the generation of 
honeycomb-patterned wave trains and rip currents at Haeundae 
Beach. 

 

 

 
(a) 40T 

 
(b) 110T 

 
(c) 210T 

Figure 2. Free surface and particle velocity distributions on a beach. 
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The model was first validated by generating rip currents on a 
simple beach. Figure 2 illustrates free surface and velocity 
distributions on a simple beach. The incident waves were two 
waves with the same wave height of 0.4 m, the same wave 
period of 8.0 s, and wave directions of 8.0 deg and - 8.0 deg. 
The slope of the simple beach was extracted from a cross section 
of Haeundae Beach located along the center point of the beach 
to ensure that the model was capable of considering sinuous 
shear instability. Figure 2 and Figure 3 show that rip currents 
developed over time along the zero node line, and vorticity 
increased as the rip currents strengthened. As Figure 3 shows, 
the model computed current vectors and vorticity 
asymmetrically because of a sinuous shear instability, which 
indicates that the model can be used to accurately simulate 
nearshore circulation on real topography. 

 

 

 
(a) 30T 

 
(b) 100T 

 
(c) 200T 

Figure 3. Current vector and maximum vorticity distribution on a beach. 

 

Rip Current at Haeundae Beach 
As explained previously, numerical simulations were 

conducted to identify how large reefs contribute to the 
generation of honeycomb-patterned wave trains and rip currents 
at Haeundae Beach. First, a monochromatic wave was generated 
from the south of the beach, and nearshore circulation was 
simulated. The incident wave was generated using the internal 
wave maker (Wei, Kirby, and Sinha, 1999) with a wave height 
of 0.7 m and a wave period of 8.0 s. There was a rip current 
event in June 2007 but unfortunately there was no observational 
data during the event except offshore wave buoy data for an 
incident wave. On the other hand, previous researches identified 
that there were many rip current events around the center region 
of the beach. In the numerical results (Figure 4), current vectors 
indicated that rip currents were occurred around that area and it 
could be considered to be very agreeable.  
 

 

 
(a) 60T 

 
(b) 130T 

 
(c) 200T 

Figure 4. Current vector and maximum vorticity distribution resulted 
from a single wave. 
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The incident wave condition was selected by analyzing wave 
buoy data collected at Haeundae Beach during that period. Lee, 
Tac, and Woo (2007); Kim, Lee, and Lee (2011) analyzed 
frequency of occurrence between wave height and direction at 
Haeundae Beach. We also followed their analysis and selected 
the incident wave direction. Figure 4 illustrates the current 
vectors and maximum vorticity distribution. Rip currents 
gradually developed at the beach, and the location at which both 
the current vectors and vorticity were strengthened was almost 
same as the location at which the honeycomb-patterned wave 
trains arrived (Figure 7). 

The honeycomb-patterned wave trains seemed to be triggered 
by large reefs located off the shore of the beach. These reefs are 
shaded in Figure 1. The mechanism by which rip currents 
develop at Haeundae Beach could be identified better once we 
understand how those reefs contribute to rip current generation. 
Thus, we deleted the large reefs from our model and trimmed 
the original bathymetry to maintain continuous contour lines, 
and the model was then applied to nearshore circulation on the 
trimmed topography (Figure 5). Figure 6 illustrates the 
distribution of current vectors and maximum vorticity on the 
simulated trimmed bathymetry. The numerical simulation results 
suggest a rip current development process that is similar to that 
on the original bathymetry. The current vectors were initially 
focused at certain points, and then vorticity increased because of 
an increase in wave energy. As a result, outgoing waves were 
generated, and strong rip currents were observed at those current 
focusing points. However, the locations of the strong rip 
currents were slightly different from each other. In Figure, an 
instantaneous free surface distribution simulated on the trimmed 
bathymetry shows that there were no honeycomb-patterned 
wave trains at Haeundae Beach, except at the right edge, near 
the Mipo fishing port (which is depicted as “MP” in Figure 7). 
However, strong rip currents were still observed at Haeundae 
Beach. In this area, the topography resembled that of a small 
shoal and this shoal could be considered a rip current channel. 
Thus, strong rip currents were generated along this shoal-like 
topography. 
 

 

 
Figure 5.  Trimed bathymetry of Haeundae Beach and location of large 
reefs off the shore of the beach. 

 

According to CCTV video data collected at Haeundae Beach, 
honeycomb-patterned wave trains are continuously observed, 
although there are no strong rip currents near the beach. 
Therefore, it seems that the honeycomb-patterned wave trains 
triggered by the large reefs off the shore of the Haeundae Beach 
influence the locations at which strong rip currents occur. 
However, other factors, such as the shape of the beach, incident 
wave conditions, and the nearshore topography, could also 
influence the locations at which strong rip currents occur. It 
should be noted, however, that the numerical simulations were 
conducted over brief time intervals and that there are still many 
unknown factors, e.g., tidal effects that must be examinee before 
the mechanism responsible for the occurrence of rip currents at 
Haeundae Beach can be determined. 
 

 

 
(a) 60T 

 
(b) 130T 

 
(c) 200T 

Figure 6. Current vector and maximum vorticity distribution simulated 
on trimmed topography. 
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(a) Original athymetry 

 
(b) Trimmed bathymetry 

Figure 7. Instantaneous free surface distribution near Haeundae Beach at 
200T after wave generation. 

 
 

CONCLUSIONS 
In this study, numerical experiments were conducted to 

identify the rip current generation mechanism at Haeundae 
Beach. A well-known and recently improved Boussinesq 
equation solver, FUNWAVE-TVD, was employed to simulate 
nearshore circulation at Haeundae Beach. The model was 
verified by generating a rip current for a simple beach under 
honeycomb-patterned incident wave conditions. A sinuous shear 
instability was considered in the numerical simulations, the 
results of which indicate that the model can be used for accurate 
analysis of nearshore circulation on real topography. The model 
was then used in numerical simulations of nearshore circulation 
to identify the rip current generation mechanism at Haeundae 
Beach. The numerical simulation results confirmed that the 
model was capable of qualitatively reproducing rip current 
events. To understand how reefs contribute to rip current 
generation at Haeundae Beach, we modified the original 
bathymetry and applied the model to simulation of nearshore 
circulation to better identify the rip current generation 
mechanism at the beach. The numerical results corresponded to 
a slightly different rip current generation mechanism. It is 
thought that honeycomb-patterned incident waves may induce 
rip current event at Haeundae Beach but the other factors may 
contribute as well. Further numerical simulations and analyses 
of observational or numerical data are required to establish the 
mechanism that produces rip currents at Haeundae Beach. 

 

ACKNOWLEDGEMENT 
This research was a part of two projects titled “Development 

of Korea Operational Oceanographic System (KOOS), Phase 2”  
and “Investigation of Large Swell Waves and Rip Currents and 
Development of the Disaster Response System (no. 20140057),” 
funded by the Ministry of Oceans and Fisheries, Korea.  

This work was also supported by the Korea Institute of Ocean 
Science and Technology (Grant PE99186). 

 
LITERATURE CITED 

Chen, Q.; Kirby, J.T.; Dalrymple, R.A.; Shi, F., and Thornton, 
E.B., 2003. Boussinesq modeling of longshore currents. 
Journal of Geophysical Research, 108(C11), 26-1-26-18.  

Choi, J.; Park, W.K.; Bae, J.S., and Yoon, S.B., 2012. Numerical 
study on a dominant mechanism of rip current at Haeundae 
Beach. Journal of the Korean Society of Civil Engineering, 
32(5B), 321-329. 

Choi, J.; Shin, C.H., and Yoon, S.B., 2013. Numerical study on 
sea state parameters affecting rip current at Haeundae 
Beach. Journal of Korea Water Resources Association, 
46(2), 205-218.   

Grilli, S.T.; Harris, J.C.; Tajalli Bakhsh, T.S.; Masterlark, T.L.; 
Kyriakopoulos, C.; Kirby, J.T., and Shi, F., 2013. 
Numerical simulation of the 2011 Tohoku tsunami based 
on a new transient FEM co-seismic source: Comparison to 
far- and near-field observations. Pure and Applied 
Geophysics, 170, 1333-1359.  

Ha, T.; Choi, J.Y.; Yoo, J.; Chun, I., and Shim, J., 2014. 
Transformation of small-scale meteorological tsunami due 
to terrain complexity on western coast of Korea. In: Green, 
A.N. and Cooper, J.A.G. (eds.), Proceedings, 13th 
International Coastal Symposium, Journal of Coastal 
Research, Special Issue No. 66, pp. 284-289.  

Ioualalen, M.; Asavanant, J.; Kaewbanjak, N.; Grilli, S.; Kirby, 
J., and Watts, P., 2007. Modeling the 26th December 2004 
Indian Ocean tsunami: Case study of impact in Thailand. 
Journal of Geophysical Research, 112(C7), C07024. 
doi:10.1029/2006JC003850.  

Kim, I.C.; Lee, J.Y., and Lee, J.L., 2011. Generation mechanism 
and numerical simulation of rip current at Haeundae Beach. 
Journal of the Korean Society of Coastal and Ocean 
Engineers, 23(1), 70-78.  

Lee, J.S.; Tac, D.H., and Woo, J.G., 2007. Characteristics of 
seasonal wave, wave-Induced current and sediment 
transport in Haeundae Beach. Journal of the Korean 
Society of Coastal and Ocean Engineers, 19(6), 574-585.  

Shi, F.; Kirby, J.T.; Harris, J.C.; Geiman, J.D., and Grilli, S.T., 
2012. A high-order adaptive time-stepping TVD solver for 
Boussinesq modeling of breaking waves and coastal 
inundation. Ocean Modelling, 43-44, 36-51.  

Wei, G.; Kirby, J.T.; Grilli, S.T., and Subramanya, R., 1995. A 
fully nonlinear Boussinesq model for surface waves. I. 
Highly nonlinear, unsteady waves. Journal of Fluid 
Mechanics, 294, 71-92.  

Wei, G.; Kirby, J.T., and Sinha, A., 1999. Generation of waves 
in Boussinesq models using a source function method. 
Coastal Engineering, 36, 271-299.  



 

Journal of Coastal Research, Special Issue No. 72, 2014 

Journal of Coastal Research SI 72 184-189 Coconut Creek, Florida Winter 2014 

____________________ 
DOI:  10.2112/SI72-033.1  received (10 September 2014); accepted in 
revision (27 October 2014). 
*Corresponding author: jjyoon@kiost.ac 
©Coastal Education and Research Foundation, Inc. 2014 

Non-hydrostatic Modeling of Wave Transformation and Rip 
Current Circulation: A Case Study for Haeundae Beach, Korea 
 
Jong Joo Yoon†* 
 
 
 
 
 
 
 

 
ABSTRACT 
 
Yoon, J. J., 2014. Non-hydrostatic modeling of wave transformation and rip current circulation: a case study for 
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Haeundae Beach in Busan, South Korea, is one of the most popular destinations in South Korea, but poses the danger 
of irregular, fast moving rip currents. To investigate the dominant mechanism of rip currents in this region, a 
numerical simulation was carried out using the non-hydrostatic model Surface WAves till SHore (SWASH), with 
observed wave and topographical data. In this paper, the applicability of SWASH for modeling the wave 
transformation and rip current circulation near the shallow foreshore is investigated. Assuming that rip current 
dynamics are controlled by combination of variations in wave dissipation and morphological flow constriction, we 
tested the effects of wave parameters, such as wave heights, wave periods, wave directions, and changes in tidal 
conditions, on rip current generation. The model results showed good agreement with previous studies, as well as 
observations in this region. A numerical study showed that wave refraction by spatial topographical characteristics 
(several submerged reefs near the coasts) of Haeundae Beach cause wave energy propagation in different directions 
towards the beach. Rip currents were simulated when longshore currents flowed out through a channel with very 
small wave energy in the seaward direction. The occurrence of rip currents was increased under conditions of higher 
waves and longer wave periods. In the case of wave direction, we tested cases from SSW to SSE, and present the 
spatial characteristics of the simulation results. The locations of rip channels that generate rip current are 
significantly affected by incident wave conditions, such as wave direction, height, and period. 
 
ADDITIONAL INDEX WORDS: Non-hydrostatic model, numerical simulation, SWASH, rip current, Haeundae. 
 

 
INTRODUCTION 

Haeundae Beach is a typical Korean summer resort, 
frequented by many visitors each year for recreation. 
Particularly, in July–August each year, the number of visitors 
has been recorded to exceed ten million people. This resort has 
further been developed as an international tourist attraction 
where various domestic and international events take place all 
year round. However, in 2009, an accident involving a rip 
current was reported, and rip current incidents have been 
reported every year since. Fortunately, no more injuries have 
occurred, as swimmers swept away by rip currents are quickly 
rescued; however, it remains urgent to identify the cause of the 
frequent rip currents and devise countermeasures to them. For 
this objective, diversified observations and analyses have been 
performed, but there is a limitation to clarifying the cause of the 
rip currents, and to establishing an effective forecasting system. 
As repeated occurrence of rip currents at Haeundae Beach pose 
a danger to many people, a fast and accurate forecasting system  

 
is essential. 

Rip currents occur repeatedly every year, and the fast moving 
seaward current can sweep away people at the beach in an 
instant. As shown in Figure 1, rip currents may develop over 
100 m from the shoreline. Studies of rip currents at Haeundae 
Beach have been carried out by (Bae, Yoon, and Choi, 2013; 
Kim, Lee, and Lee, 2010; Lee and Lee, 2011; Song, Bae, and 
Furmanczyk, 2011), and they have advanced the basic study of 
rip current phenomena by utilizing various numerical techniques. 

 

 
Figure 1. Rip currents in Haeundae Beach in 2010 and 2011 near 
watchtower No. 4 (See Figure 3 for the watchtower locations). 
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 In this study, to reproduce rip current occurrence at Haeundae, 
a non-hydrostatic Surface WAves till SHore (SWASH) model 
allowing a wave–current coupled simulation was applied. In this 
method, the rip current features at Haeundae Beach based on 
various wave conditions were simulated and identified. The 
results of the numerical simulation were then verified by 
utilizing various relevant data that have been presented in 
previous studies. 
 

METHODS 
 

Haeundae Beach 
Haeundae Beach is located on the southeastern side of the 

Korean peninsula, and is a wave-dominated, pocket-shaped 
beach with a length of approximately 2 km. The longshore 
current is developed in a diversified manner, by even slight 
wave variations. In addition, several submerged, sunken rocks 
are situated in front of the shoreline, which cause changes in 
wave height near the shoreline (Figure 2). When a longshore 
current is concentrated to specific areas, a rip current occurs as 
wave energy accumulated along the rip channel of relatively 
deep water, formed by wave action that escapes instantaneously. 
In the case of Haeundae Beach, as shown in areas A–E of Figure 
3, the location where rip currents occur frequently is clear, so 
monitoring and rescue operations are concentrated there. Areas 
A–E, have been reported as places of high occurrence frequency 
by long-term monitoring since 2009 (Kim, Lee, and Lee, 2010; 
Song, Bae, and Furmanczyk, 2011). Figure 1 shows rip currents 
observed in front of watchtower No. 4 that took place in June 
2011 and July 2010. 

When In observations of wave conditions in the summertime, 
when rip currents usually occur, waves coming from the south 
are dominant (Lee, Tac, and Woo, 2007), as shown in Figure 4. 
In addition, most rip currents take place when the wave 
approaches perpendicularly to the shoreline, and when the wave 
swell has a constant period (uniperiodic) and direction 
(unidirection) (Lee and Lee, 2011). Choi et al., (2012) reported 
that the wave swell forms a honeycomb pattern caused by the 
topography of the Haeundae coast, and that this feature induces 
a rip current. 

 

 
Figure 2.  Topography of Haeundae Beach.

 
 
In addition, the occurrence of rip currents is affected by tidal 

conditions. It is reported that rip currents frequently occur 
during low tide. This is because the surf-zone becomes relatively 
wide during low tide, thus the alongshore non-uniformity inside 

the wider surf zone increases (Aagaard, Greenwood, and Nielsen, 
1997; Brander and Short, 2001). According to the tidal 
characteristics observed by the nearest tidal station, Haeundae 
Beach has a mean sea level (MSL) of 64.9 cm, a spring tidal 

range of 117.8 cm, and a neap tidal range of 42.2 cm. 
 

 
Figure 3.   Location of rip current occurrence areas A to E, and the beach 
watchtowers 1 to 9. 

 
 

 

 
Figure 4.  Frequency of occurrence between wave height and direction at 
Haeundae Beach (Lee, Tac, and Woo, 2007). 

 
 
Numerical Model 

The non-hydrostatic model SWASH (Smit, Zijlema, and 
Stelling, 2013; Smit et al., 2014; Zijlema and Stelling, 2008) 
was used to simulate wave-induced nearshore currents in order 
to investigate rip currents. SWASH has been used in many 
previous studies, and is one of the most advanced tools for rip 
current simulations. SWASH is based on the nonlinear shallow 
water equations, with a non-hydrostatic pressure model, and can 
resolve many of the relevant physics problems in coastal wave 
propagation, such as relatively new time-domain dispersion, 
shoaling, refraction, dissipation, and nonlinearity. SWASH is 
very likely to be competitive with the Boussinesq-type wave 
models in terms of robustness and the computational resource 
(MPI parallel processing) required to provide reliable model 
outcomes in wave and flow conditions. 

The non-hydrostatic, depth-averaged, free-surface flow can be 
expressed by the nonlinear shallow water equations derived 
from the incompressible Navier-Stokes equations that include 
the conservation of mass and momentum.  
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The governing equations are given by where t  is time, 

d	(x, y) is the still water depth or downward measured bottom 
level, ζ	(x, y, t) is the surface elevation measured from the still 
water level, h = ζ + d is the water depth or total depth, u	(x, y, t) 
and v	(x, y, t)  are the depth-averaged flow velocities in the x- 
and y-directions, respectively, q	(w, y, z, t) is the non-hydrostatic 
pressure (normalized by the density), g  is gravitational 
acceleration, c  is the dimensionless bottom friction coefficient, 
τ  , τ  , τ  , τ   are the horizontal turbulent stress terms, and 

v 	(x, y, t) is the horizontal eddy viscosity due to wave breaking 
and subgrid turbulence. The integration of the non-hydrostatic 
pressure gradient over the water depth in Equation (2) and (3) 
can be expressed as 
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where q  is the non-hydrostatic pressure at the bottom. When 

waves are travelling over a relatively long distance, the 
influence of bottom friction becomes more obvious. Moreover, 
it may affect long waves close to the shoreline, like nearshore 
circulations. In this study, we employed the equation of the 
bottom friction coefficient c  based on Manning's roughness 
coefficient n, as follows: 
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h
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Table 1. Model setup for numerical simulations. 
 

Grid scale 
2.3 km × 1.3 km 

Δx = Δy = 5	m (461×261 grid) 

Wave condition 
H = 1.0, 1.5, 2.0	m,	 
T = 8, 10, 12	s 

Dir. = 67.5	°	(SSW), 90	°	(S), 112.5	°	(SSE) 

Tide 
Low (- 46.9 cm), middle (0 cm),  

high tide (+46.9 cm) 

Time step 0.01 s 

Friction 
coefficient n 

0.019 

 
Model Setup 

Rip currents are mostly caused by variation of alongshore 
wave height, which depends on wave refraction over 
inhomogeneous near shore bathymetry. Waves usually come 
from the south during the summer season, and are nearly normal 
to the shoreline, thus generating rip currents at Haeundae. In 
reviewing past observations of rip currents at Haeundae Beach 
from 2009 to 2011, the wave conditions with the characteristics 
H : 0.5–1 m, T : 7–11 s, Dir.: 170–190 °, coming from the south, 
are found to be dominant (Bae, Yoon, and Choi, 2013; Kim, Lee, 
and Lee, 2010; Song, Bae, and Furmanczyk, 2011). These rip 
currents mostly take place in clear, fine weather, conducive to 
sea bathing, and the wave energy is formed by high, long period 
waves. In addition, it can be confirmed that the occurrence of rip 
currents occur when waves are coming from the south. 

In this study, SWASH was applied to simulate rip currents at 
Haeundae Beach. The water depth information and calculation 
domain (model domain) along the Haeundae coast used for the 
numerical simulations are as shown in Figure 2. The grid system 
comprises a 462 × 261 array spaced at 5 m in the x and y 
directions. Wave input with an open boundary is applied to the 
model based on the S-wave direction, which is the typical wave 
direction approaching the shore, with a wave height of 1.5 m, a 
wave period of 10 s, and a tide condition of mean sea level. The 
time step for the numerical simulation was 0.01 s, and 0.019 was 
applied as the bottom friction coefficient n as shown in Equation 
(8). The numerical test conditions are summarized in Table 1. 

 
NUMERICAL RESULTS 

Several numerical simulations of nearshore circulations with 
rip current generation on the Haeundae coast were carried out 
using the incident wave condition shown in Table 1. Figure 5 
shows the numerical results, representing the distribution of free 
surface elevation and wave-induced current at time t = 50 
minutes after wave generation begins. The spatial feature of In 
each case, a numerical simulation was performed for 60 minutes 
after wave generation, and by averaging the flow velocity for 6 
wave periods; after 50 minutes, the wave-induced rip current 
was calculated. Figure 6 shows the result of a numerical 
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simulation based on the typical condition of rip current 
occurrence, H  =1.5  m, T  = 10 s, Dir. = 90 °  (S), and a 

reference sea level of MSL. It is clear that the result of the 
numerical simulation exactly reproduced the spatial distribution 
of the area where rip current occurrence frequency is high, as 
presented in Figure 3. Figure 6 shows the result of a simulation 
where the incident wave height was reduced to 1.0 m. The 
overall rip current distribution aspect was similar for the cases 
shown in Figure 6. However, since wave energy is proportional 
to wave height, as wave height is reduced, a relatively weak rip 
current was simulated in Figure 6. In Figure 6, only a weak rip 
current was produced even in the area near watchtowers No. 5 
and 6. Figures 6 and show the results of numerical simulations 
where the wave directions were changed to 112.5 ° (SSE) and 
67.5 ° (SSW), respectively, under the base wave conditions of 

Figure 6. Figures 5 shows that non-topographical rip channels 
were formed at different locations based the spatial distribution 
of features, and rip currents flow through these channels, based 
on incident wave direction. In other words, changes in wave 
direction affected the pattern of the locations where rip currents 
developed, thus the rip current in front of watchtower No. 7, 
under Figure 6 conditions, was moved to the side of watchtower 
No. 8, and new rip currents developed in front of watchtowers 
No. 5 and 6. In addition, the rip current in area E, presented in 
Figure 3, was also simulated. 

Figures 6 shows the results of simulations with wave periods 
8 s and 12 s, respectively, with other wave parameters held to be 
the same as in Figure 6. 

 

 

 

 

Figure 5. Example of free surface displacement (shading) and wave-induced current (vector) obtained from each incident wave condition (a) - (f).

 

Figures 5 shows that the spatial features of wave distribution 
are different. Furthermore Figures 6 shows that the rip current 
that occurs in front of watchtower No. 7 when T  = 10 s is 

moved to watchtower No. 6 when of  T  = 8 s, and to 

watchtower No. 5 when T  = 12 s. When T  = 12 s, an 

additional rip current is produced in E area (presented in Figure 
3). Comparing the flow velocity of rip currents based on wave 
period, we found that that fastest rip current was simulated 
when T  = 10 s. The reason rip current speed is reduced for 

wave periods of over 10 s is considered to be related to the 
correlation of refraction degree with wavelength. 

In this study, the occurrence pattern of rip current by various 
incident wave conditions was investigated using numerical 

simulations. Using the dominant summertime wave conditions, 
waves from the south with wave periods of 8–10 s were entered 
regularly into the simulations and rip currents were well 
simulated in areas A–D of Figure 3, that is, in front of 
watchtowers No. 1, 3, 4, and 7, consistent with existing 
observations. However, it was revealed that the locations of rip 
channels where rip currents are produced could be distributed in 
a diversified way by changing the wave height, direction, and 
period. In addition, rip currents are known to be generated 
frequently in low tide conditions. In our results, peak rip flow 
speeds were simulated around low-tide conditions, when the 
joint effects of dissipation and morphological constriction were 
maximized.
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Figure 6. Results of rip current simulations obtained from each wave incident scenario (a) - (f).

 
 

CONCLUSIONS 
The SWASH model, based on the nonlinear shallow water 

equations with a non-hydrostatic pressure model, was used to 
perform numerical simulations of wave-induced rip currents in 
the summer season at Haeundae Beach in South Korea. The 
model results show reasonable agreement with previous studies, 
including observations of rip current occurrence in this region. 
In our results, rip current occurrence is increased with higher 
waves and longer wave periods. The rip currents occur in spaces 
with low wave energy along the shore. Therefore, non-
topographical rip channels caused by the interaction of 
directional wave groups are more significant than topographical 
ones. The locations of rip channels generating rip current are 
significantly affected by incident wave conditions, such as wave 
directions, heights, and periods.  

We can utilize this study’s numerical results in a scenario-
based rip current prediction system. After linking to the high-
resolution operational oceanographic system run by KMA 
(Korea Meteorological Agency) or KHOA (Korea 
Hydrographic and Oceanographic Administration), a simplified 
rip current prediction system can be established using real-time 
observed data near the site. In the present study, we analyzed 
numerical results and verified them using limited measurement 
data. Sudden rip current generation involves a complicated 
mechanism, so the specific processes are still not clear. 
Therefore, more observation data are required to evaluate the 

accuracy of our simulation results. Further validation and 
numerical testing to assess possible tuning of the model 
coefficients will continue. In addition, estimation of the 
statistical likelihood of hazardous rip currents is ongoing. This 
study can be expanded to forecasting rip current risk. 
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ABSTRACT 
 
Choung, Y., and Yun, H.S., 2014. Development of a coastal surface monitoring system using high-resolution images 
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Coastal erosion causes loss of properties in coastal areas, and rip currents are the main factor causing coastal erosion. 
The use of remote sensing data is efficient for conducting coastal erosion research due to its advantages for acquiring 
the geometric and spectral information of coastal surfaces without human accessibility. This research aims to develop 
the coastal surface monitoring system (CSMS) using the high-resolution images taken in Haeundae, South Korea. 
Multiple mapping and image processing techniques are included in the methodology for developing CSMS. First, the 
coastlines are extracted from the images using the clustering algorithm and the data conversion technique. Buffering 
is applied along the generated coastlines to create the coast zone, and then the multiple materials in the coast zone are 
identified using the clustering algorithm. Next, constant intervals are set on the generated coastlines to create coast 
segments. Then the major material in each segment is determined by comparing the numbers of pixels in the clusters. 
Finally, different-colored coastlines are generated to show the major material in each segment. The developed CSMS 
can be used for monitoring coastal erosion caused by rip currents.  
 
ADDITIONAL INDEX WORDS: Coastal Surface Monitoring System, high-resolution images, coastlines. 
 

 
INTRODUCTION 

Coastal erosion generally causes loss of properties in coastal 
areas (Choung, 2009; Li, Liu, and Felus, 2001; Liu, 1998). Rip 
currents are the primary factor causing coastal erosion by 
distributing the coastal sediments (Haller, 1999). The coastline 
is the outline of the coast and the main factor in monitoring 
coastal erosion and detecting constant changes in coastal areas 
(Fletcher et al., 2004). Identifying the coastlines and the 
multiple materials on coastal surfaces is efficient for monitoring 
coastal erosion caused by rip currents. 

Remote sensing datasets such as LiDAR (Light Detection 
And Ranging) data, SAR (Synthetic Aperture Radar) data or 
high-resolution images have been widely used for conducting 
coastal erosion research because they provide the geometric or 
spectral information of wide and dynamic coastal areas without 
human accessibility (Choung, 2009; Choung, Li, and Jo, 2013; 
Liu et al., 2009). 

Research on coastal erosion research using remote sensing 
datasets has also been carried out. Liu et al. (2009) and Choung, 
Li, and Jo (2013) used aerial orthoimages and airborne 
topographic LiDAR data for mapping the coastal blufflines. Lee 
and Shan (2003); Lee, Wu, and Li (2009), and Li, Di, and Ma 
(2003) used multispectral orthoimages or LiDAR data for  

 
mapping the shorelines. Kolednik (2014) used multitemporal 
LiDAR data for detecting changes in coastal areas. Silva, 
Sancho, and Quaresrna (2006) used the SAR data for observing 
rip currents. 

Development of the coastal surface monitoring system 
(CSMS) using remote sensing datasets is efficient for managing 
coastal resources, monitoring coastal erosion caused by rip 
currents, preserving coastal environments from natural disasters, 
and detecting changes in coastal areas. In this paper, a 
methodology for establishing CSMS is proposed using high-
resolution images taken in Haeundae, South Korea. 

 
STUDY AREA AND DATASET 

In this research, the area of Haeundae, South Korea was 
selected as the study area due to the availability of the dataset. 
The study area has a 3 km-long coast that includes Haeundae 
Beach. Figure 1 shows the aerial view of the study area. The 
high-resolution images were acquired in May 2012 using ADS 
(Airborne Digital Sensor) 80 by Leica Geosystem, and the 
sensor provided four color channels (red, green, blue, and near 
infrared (NIR) bands). The ground resolution of the images was 
12 cm. 

 
METHODS 

Multiple steps are included in the procedure for developing 
CSMS. A flowchart showing the concept of CSMS is shown in 
Figure 2. CSMS was operated as follows. First, the coastlines 
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were extracted from the high-resolution image using the 
clustering algorithm and the data conversion technique. Next, 
buffering was applied along the generated coastlines to create 
the coast zone, and then the multiple materials in the coast zone 
were identified using the clustering algorithm. Next, constant 

intervals were set on the generated coastlines to create coast 
segments. Using the clustering results, the major material in 
each coast segment was determined by comparing the numbers 
of pixels in the clusters. Finally, different-colored coastlines 
were generated to show the major material in the coast segments. 

 

 
Figure 1.  Aerial view of the study area. 

 

Coastline Extraction 
This section introduces the procedure for extracting the 

coastlines from the high-resolution images. The high-resolution 
images used in this study provided four bands: three visible 
bands (red, green, and blue) and one invisible band (NIR). Each 
band provided the different spectral information. From these 
four bands, the one that was appropriate for extracting the 
boundaries representing the coastlines was selected. In the 
multispectral images taken by the sensor, the blue, green, red, 
and NIR bands had 420-492, 533-587, 604-664, and 833-920 
nm wavelengths, respectively (http://www.leicageosystems. 
com).  

 

  
Figure 2. Flowchart showing the concept of CSMS. 

 

The spectral reflectance curves for the selected materials in 
the four bands are shown in Figure 3. The said figure shows that 
the reflectance differences between water and the land cover 
materials were significant in the NIR band range. The four band 
images showing the water and land are also shown in Figure 4. 
The said figure shows that the spectral differences between the 
two different objects (land and water) are more recognizable in 
the NIR band image than in the three other images. Hence, the 
NIR band image was used to extract the boundaries representing 
the coastlines. After selecting the NIR band image, 
unsupervised clustering was employed for easily recognizing 
the boundaries between the land and the water. Clustering is a 
machine learning technique that is widely used to extract the 
thematic information from the multispectral images in remote 
sensing application and research (Jensen, 2005). 

 

 
Figure 3.  Spectral reflectance curves for the selected materials in the 
four bands (Jensen, 2006). 
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It is an unsupervised learning technique for organizing 
objects into multiple groups, with members that are similar in 
some way, without the training samples (Tuia, 2009). In this 
research, the ISODATA (Iterative Self-organizing Data 
Analysis) algorithm, a widely used clustering technique, was 
employed to identify the two objects (land and water) in the 
NIR band image. 

The next step was to extract the boundaries representing the 
coastlines using the data conversion technique. In this step, the 

two identified objects with the raster format were converted into 
the two polygons (the water polygon and the land polygon) with 
the vector format. This conversion process was implemented 
using ArcGIS 10.1. After the two polygons were generated, 
finally, the boundaries between the two polygons were 
manually selected to construct the coastlines. The procedure for 
constructing the coastlines using the above procedure is shown 
in Figure 5. 

 

 
Figure 4.  Four band images showing the water and land (a) blue-band image, (b) green-band image, (c) red-band image, (d) NIR band image.

 
 

 
Figure 5. Procedure for constructing the coastlines (a) NIR band image, (b) land and water clusters identified through ISODATA clustering, (c) 
boundaries representing the coastlines.
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Coastal Surface Classification 
This section introduces the procedure for identifying the 

various materials in the coastal areas where the generated 
coastlines are located. The coastal surfaces generally have 
various features, such as beaches or dunes consisting of sand, 
bluffs consisting of rocks, coastal marshes, etc. (Liu, 1998). As 
can be seen in Figure 3, the various materials (sand, rock, water, 
etc.) covering the coastal surfaces have different spectral 
characteristics that can be identified using the multispectral 
bands (the red, green, blue, and NIR bands). In this step, 
ISODATA clustering was also employed to identify the 
multiple materials in the coastal areas where the generated 
coastlines were located. The procedure is as follows. First, 
buffering was employed to create a coastal zone along the 
coastlines. Through buffering, a 10 m width was set to create a 
coastal zone that will include the various materials in the zone. 
Then ISODATA clustering was employed to identify the 
multiple materials in the created coast zone. In general, sand 
and rock are the most common materials covering the coastal 
surfaces (Liu, 1998). In this research, the three clusters (water, 
sand, and rock) were also identified in the coast zone through 
ISODATA clustering (see Figure 6). The accuracy of the 
objects in the coast zone identified through ISODATA 
clustering was measured using the 32 checkpoints determined 
by an experienced expert. The average distance between the 
checkpoints was 100 m. Figure 6 shows the checkpoints (red 
dots) located on the coast zone. 

Table 1 shows the accuracy of the objects on the coast zone 
identified through ISODATA clustering. As can be seen in 
Table 1, ISODATA clustering generally has high accuracy for 
the objects in the coast zone. Some rock surfaces, however, 
were misclassified as sand surfaces because objects with 
unpaved surfaces are easily misclassified as other objects 
(Choung, 2014). In addition, some water surfaces were 
misclassified as sand surfaces because of the wave actions on 
the coastal surfaces caused by the currents. 

 
System Construction 
 

  
Figure 6. All identified clusters and the checkpoints (a) all clusters 
identified by the ISODATA clustering, (b) checkpoints located on the 
coast zone. 

 

Table 1. Accuracy of the objects on the coast zone identified through 
ISODATA clustering. 
 

Overall accuracy (%) 84 
Producer’s accuracy (%) User’s accuracy (%) 
Water 82 Water 100 
Sand 90 Sand 69 
Rock 90 Rock 82 

 
For identifying the major material in the detailed coastal 

areas, the coast segments split from the coast zone were 
generated. Constant intervals (100 m) were set on the coastlines 
to generate the coast segments. After each coast segment was 
generated, the major material in each coast segment was 
determined by comparing the numbers of pixels in the two land 
cover clusters (sand and rock). Finally, the coastline on the 
segment whose major material was sand was defined as the 
beach coastline while the coastline on the segment whose major 
material was rock was defined as the rocky coastline. The 
operation of mapping CSMS is illustrated in Figure 7. In the 
said figure, the rocky coastline (purple line) was used to 
represent the coast segment as the area whose major material 
was rock (green pixels), and the beach coastline (yellow line) 
was used to represent the coast segment as the area whose major 
material was sand (blue pixels). 
 

PRELIMINARY RESULTS 
CSMS was established using the high-resolution image taken 

in the study area. To show enlarged views of the generated 
CSMS, the study area was divided into three regions: A, B, and 
C. Figure 8 shows the established CSMS in the entire study area 
and in the divided regions (A, B, and C).  

 

 
Figure 7. Operation of establishing CSMS. 
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Figure 8. Constructed CSMS in the whole study area and in the divided regions A, B, and C (a) constructed CSMS in the entire area, (b) constructed 
CSMS in region A, (c) constructed CSMS in region B, (d) constructed CSMS in region C. 

In regions A and C, the beach coastlines were well identified 
in the beach coasts, and the rocky coastlines were well 
identified in the rocky coasts. Some outliers were detected, 
however, on the generated beach coastlines shown in region B. 
In the said region, the boundaries of some objects, such as the 
ships located near the coasts, were selected as the coastlines, 
and the generated coastlines located in the region had the 
outliers in the horizontal direction. In addition, due to the 
clustering errors, some pixels of the rock cluster were 
misclassified as pixels of the sand cluster, and the rocky 
coastlines located in the region were misclassified as the beach 
coastlines.  
 

CONCLUSIONS 
This paper proposes a methodology for developing the 

coastal surface monitoring system (CSMS) using high-
resolution images taken in Haeundae, South Korea. Multiple 
mapping and image processing techniques, such as the 
clustering algorithm and the data conversion technique, were 
employed to establish the system. The developed system is 
especially efficient for monitoring coastal erosion caused by rip 
currents without human accessibility. For example, the eroded 
area can be measured using the lengths of the coastlines and the 
major materials in the eroded area can be identified using the 
clustering results. Additional datasets are required, however, for 
detecting the topographic changes in the coastal surfaces and for 
identifying more materials, such as man-made ones, in the 
coastal areas. Hence, the tasks to be accomplished in the future 
are detecting the topographic changes in coastal areas using 
multitemporal image sources and identifying more materials in 
the coastal areas using other datasets, such as LiDAR data or 
hyperspectral image sources. 
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